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1.0 INTRODUCTION 

1.1 HOW TO USE THIS BOOK 

This book describes in detail tlie Instruction set of the AmZ8001 
and AmZ8002 CPUs. With both the system and application pro- 
grammer in mind, software aspects of these devices are defined, 
Including the basic architecture of the CPUs and hardware con- 
siderations important for a programmer's understanding. Addi- 
tionally, assembler notations and other Information is provided to 
support programming efforts. More complete details on device 
hardware or assembler operations can be found In other docu- 
ments. (See Section 1.3.) 

Advanced Micro Devices' School of Advanced Engineering offers 
courses on the AmZBOOO microprocessor family. Courses in- 
clude a detailed introduction to the AmZSOOO, assembly-level 
programming on the AmSYSiB/8 using the 16-bit real-time 
emulator, arid high-level language programming courses. Other 
courses cover the Am2900 bit-slice processor family, micro- 
progranwning with the AmSYS29, and related topics. Check with 
your AMD sales cMce for course outlines and schedules or call 
toll free (800) 538-8450 extenston 3665. 

1.2 THE AmZSOOO FAMILY 

Advanced Mk»o Devk»s has undertaken a signifkant commit- 
ment to the world of 1 6-bit fixed-insbuclion-set processors. AMD 
is bringing to the market: 

• A new. advanced processor architecture 

• A complete family of LSI peripheral circuits 

• A complete family of system support circuits 

• A complete family of memories and memory support circuits 

• Complete technical documentation 

• Effective development system products 

• Qdsnsive support software 
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A large majority of future microprocessor applications will be 
serviced by a combination of single-chip microcomputer products 
such as the Am8048 series and by 16-bit microprocessors such 
as the AmZBOOO. Where applications are simple enough, the 8-bit 
microcomputer chips will tend to be used. Increasing software 
costs and throughput requirements will cause the 16-bit CPUs to 
dominate the balance of the designs because they can answer 
these problems more efficiently. Conventional 8-bit microprpea?- 
sors will serve a shrinking share of new designs. 

In additkm to significant increases in throughput that flow directly 
f^<^::t;f 1%t!it .stMc^r^s, intgroyed technology and mQi« 
soj^teticated architectures add even more performance. < 

Software cost savings are being realized through the use of more 
powerful instruction sets and sophisticated high-level languages 
such as PASCAL and C. Language compilers allow programmers 
to write, debug and document programs more quickly. And saving 
time is vitally important for such a latxjr-intensive activity, where 
costs are rapidly rising. The declining costs of technology- 
intensive LSI hardware can be used to improve software costs. 

AmZ8000 processors, in terms of resources, system features, 
instructions, interface and architecture represent a major ad- 
vance in microprocessor sophistication and system-level perfor- 
mance. The processors form the heart of a large family of compo- 
nents, systems, software, documentation and support. In addition 
to existing peripheral chips, a variety of new, advanced peripher- 
als has been designed to support the AmZSOOl and AmZ8002 
processors. Figure 1.2 shows ttiese new MOS/L8I components 
as well as others that make up the AmZ8000 Family. Full informa- 
tion on these devices and the systems, software, documentation 
and support available is in The AmZ8000 Family Data Book. (See 
also Section 1.3.) 
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An AmZSOOO Evaluation Board is available from Advanced Micro 
Computers for quick, fiands-on experience witfi tfie AmZSOOO. 
Called ttie Am96/4016, it is a c«fip«ate«mMlei9mputervrith RA 
ROM and several I/O ports. A^lttftlt)^ sdfli^1r§ includes a 
dent monitor and simple line-by-line assembler. The 
AmSYS™8/8 Microcomputer Development System supports the 
AnnZSOOO Family as well as other mieropFdiinssors such as the 
Am8080A, AmSOBSA, Z80, and fimStt Nlhily. The system 
includes RAM, dual 8-inch floppy disk drh«s, s#w6(ia-«Mi«it<^ 
parallel interfaces, and a cartridge disk. ' t ^,;t 

Real-time emulation capabilities are provided by the Rtil'^fS 
both stand-alone and AmSYS8/8 plug-In ver^Ohs. Thte*ia#6v<^ 
real-time emulation, prototyping, and trace for AmZ8001, 
AmZ8002 and AmZ8010 MMU designs. 

Powerful development software is available with the AmSYS8/8 
to make the complex process of product devetopmerrt easier and 



faster. The software ir«cludes a sophisticated disk operating sys- 
tem, macroassemblers, a linking loader, a powerful editor and 
debugger, and a PASCAL and C compiler with portable library. 
Additionally, an operating system for the AmZSOOO and cross- 
software products will be availat)le. 

Advanced Micro Devices was conceived on the premise that 
tfiere is a place in the semiconductor community for a manufac- 
turer dedicated to excellence. This attitude is manifested in many 
Vjfays throughout the structure of the company and has tjeen 
l^|^pi^|lj_t|;(Ojj^||put the jlf^ of AMD. In product assurance 
fl^6e6mm, AdMnced Mkra Devices Is unique. Only AMD pro- 
cesses all integrated circuits, commercial as well as military, to 
the demanding requirements of MIL-STD-883. The AmZSOOO 
microprocessors and its family of support devices are no excep- 
tion: every component is 100 percent screened to MIL-STD-S83, 
Method 5004, Class C. 
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1.3 AmZSOOO LITERAfUiRI 
The AmZSOOO Family Data Book 

A compilation of data sheets and advanced information on the 
AmZSOOO CPUs. LSI peripherals, and system support, analog 
interface, dynamic memory system, and memory components. 
Also Includes development support products: systems, evalua- 
tion lx>aFds, emulators and software. AmPUB-098 




AmZ8001/AmZ8002 Processor Interface 

Describes hardware interconnections between CPU and 
peripherals. Describes interrupt daisy ctiain and muttimieco- 
processor systems. AmPUB-089 




AmZ8010 Memory Management Unit 

Complete product specification, including functional descrip- -i.." . -*5?so, 

tion, archit^ture, and timing. AMZ-T92 
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Am96/4016 AmZSOOO Evaluation Board User's Manual 

Publication Number 00680131 $10.00 
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Am96/4016-ASM Evaluation Board Assembler 
User's Manual 

Publication Number 00680138 $5.00 



Monitor 3 Source Listing 

Self-documenting structured programming example written In 
MACRO8000; demonstrates general concepts required In any 
monitor. Publication Number CEC-Monitor 3 $25.00 



Order literature from your ideal AMD sales office. 




2.0 CPU ARCHITECTURE 



2.1 INTRODUCTION 

The AmZSOOO is an advanced 16-bit microprocessor designed to 
span a wide variety of applications. Its features allow effective use 
in complex, fiigti-througfiput systems, yet it remains efficient for 
simpler systems, as well. This high-end 16-bit processor and its 
family of auxiliary devices support advanced systems ranging 
from simple stand-alone computers to complex parallel proces- 
sing, mullil^sking and muHiusM' systems. 

The AmZSOOO CPU represents a major advance in microcom- 
puter architecture by offering many minicomputer and mainframe 
features in k microprocessor chip. The AmZSOOO CPU is availa- 
ble in two configurations, for use with or without an external 
memory management device that allows variable segment sizes 
and implements memory protection and relocation features. The 
segmented CPU, the AmSOOl, can directly address up to 8 
megabytes of memory. The nonsegmented AmZ8002 can di- 
rectly address 64K bytes. 

Abundant CPU resources include numerous registers, many data 
element types, a large instruction set and eight user-selectable 
addressing modes. The CPU resources exhibit a consistency and 
regularity not found in previous microprocessor architectures. 
Regularity of register organization, of data types, instructions and 
addressing modes greatly simplifies the programming process 
and reduces program length. 

The AmZSOOO CPU is partitioned into two modes for system 
(privileged) and normal (nonprivileged) operations, the instruc- 
tion set siniilariy is partitioned and includes system-only instruc- 
tions, suchi as the I/O instnjctions, not directly accessible to the 
normal us^. Likewise, stadt registers are duplicatiki'in hardware 
to support both system and rtorraal stacks. Such resourceamake 
advanced multiuser and multitasking systems very easy to im- 
plement. 

The AmZSOOO achieves high throughput with a relatively low 
cloci< rate, and can use memories that have a comparatively long 
access time. The design also includes built-in memory refresh 
capability with a setable refresh rate 0iat accommodates a variety 
of dynamic memories. 

Compiler, compiler-produced and operating system code all run 
efficiently on tlie AmZSOOO. The AmSOOO supports compilers 
with features such as consistent instnjctnn set, large address 
space, rakx»tion, multiple; stacks ^jkI. specHic instructtorts 
(PUSH, POP, INCREMENT and TEST). 

Operating systems are supported by features such as system 
and normal modes, system and normal stack, specific instruc- 
tions (SYSTEI^ CALL, LOAD PROGRAIVI STATUS and 
privileged instructions), and by a sophisticated interrupt and trap 
stmcture. This structure includes three types of interrupts (non- 
masl<able, nonvectored and vectored) and four types of traps for 
system calls, privileged instiuctk>ns, other special instnicttons, 
and segmentation. 

MultimKroprocessor systems are supported in software by ex- 
duskwi and synchronization instnictfons and in hardware by the 
Micro In input and Micro Out output. 

2J! CPU RESOURCES 

Not only must the address space of an advanced architecture be 
large, Ixit its CPU resources must t3e atiundant enough for the 
solution of large problems. 

The resources of the AmZSOOO CPU can beftsted atfdilows' ' 



• Regular general-purpose register architectijre 

- useable as 8-bit, 16-bit, 32-bit, and 64-bit registers 

- user-defined as data, address, index, stack, counter 

registers 

• 8M byte direct addressing range 

- separate code, data, stack jpaces 

- 32M byte address space supported conveniently 

• Softwaile conpatibility between the AmS002 and AmZSOOl 

• System (privileged) and normal (nonprivileged) opersrting 

partition 

• Powerful instruction set with flexible addressingmodes 

- over 110 instruction types 

- eight addressing modes 

- autoindexing instnjctions 

- string Instructions with repeat and nonrepeat versidns 

• Data types including bits, digits, bytes, words, long words, byte 
strings, word strings, addresses 

• Sophisticated exception processing capabilities 

- nonmaskable, nonvectored, and vectored interrupts 

- four types of traps, including segment trap from memory 
management unit 

- extended processing interface 

• Five types of transfers including memory, I/O, and three daisy 
chains: interrupt request, bus request, and resource request 

• Multimicroprocessing facilities 

2.2.1.1 Two CPU Versions 

The AmZSOOO CPU is offered in two versions: the AmZSOOl 
48-pin segmented CPU and the AmZS002 40-pin nonsegmented 
CPU. They differ only in the manner and range of memory ad- 
dressing. Physically, ttiey are the same die with a metal pattern 
difference determining the CPU configuration. 

The AmZSOOl can directly address 8M bytes of memory with its 
23 bits of address. The AmZS002 directly addresses 64K bytes of 
memory with 16 bits of address. These 16 bits are referred to as 
^offset address as opposed to the additional seven high-order 
address bits of the AmZSOOl. These seven bits define the segi- 
ment address and that is why the AmZSOOl is referred to as the 
segmented CPU. While the nonsegmented CPU directly addres- 
ses one segment of 64K bytes of memory, the segmented CPU 
can directiy address 128 such segments for a total of SM bytes of 
noemory. 

In addition to the seven segment address pins the segment trap 
pin is available on the 48-pin AmZSOOl This provides an addi- 
tional interrupt input to the CPU for interfacing to a memory 
management unit such as the AmZSOIO. 

In tills book AmZSOOO CPU is used to refer to eittier the AmZSOOl 
or AmZS002 CPU . Figures 2.2.1 .1 and 2.2.1 .2 show the functtonal 
and connection pin diagrams for ttie CPUs. 

2.2.1.2 Register Resources 

The AmZSOOO offers sixteen 16-bit general-purpose registers in 
addition to special system registers. All sixteen 16-bit registers 
may be used as accumulators and all but one can serve as index 
registers. The first eight of these 16-bit registers may be used as 
sixteen 8-bit byte registers. They may also be used as sixteen 
16-bit word registers, as eight 32-bit long-word registers, or as 
four 64-bit quadruple-word registers. 

The CPU architecture allows the creation and maintenance of 
stacks in memory. Any of the general-purpose registers (with one 
iBxe^ptieh)^c^be ae^nated as a stack pointer in the PUSH and 
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POP instructions. For ttie CALL, and RETURN inStrucliOrfs 
specific general-purpose registers are implied as stadc pointers 

as described later. 

To support the system and normal modes the specific general- 
purpose registers implied as stacl^ pointers are duplicated in 
hardware. 

Special registers of the CPU include a program counter, a flag 
and control word register, a new program status area pointer 
register (for interrupt or trap context switching), and a refresh 
counter/register to facilitate dynamic memory system im- 
plementation. 

22AJ3 instruction Set Resources 

The AmZSOOO provides the following groups of instrucUons; 

• Load and Exchange 

• Arithmetic 

• Logical 

• Program Control 

• Bit Manipulation 

• Rotate and Shift 

• Btodn Trknsfer and String Manipulation 

• Input/Output 

• CPU Control 

These instructions are available for both the AmZ8002 nonseg- 
mented CPU and the AmZ8001 segmented CPU. 

Over 410 meaningful combinations of instruction types, data ele- 
ments and addressing modes are available. The AmZSOOO also 
provides signed-multiply and signed-divide instructions im- 
plemented in hardware for both 16-and 32-bit values. 

The Am^^ supports seven main data types: bits, BCD digits, 
bytes, words (1 6 bits) , long words (32 bils), byte in^St <)f^,yvcird 
strings. Additionally, many other data Wements sudi as memory 
addrassss,! I/O addresses^ segmeiA table entries andi.progf8in 
status words are also provided. 

The eight user-selectable addressing modes include five main 
modes: Register(R), Indirect Register (IR), Direct Address (DA), 
indexed (X) and Immediate (IM). For certain instructions, there 
are several other addressing modes: Base Address (BA), Base 
ItKl^ced (BX), Relative Address (RA), Autoincrement and Auto- 
decrement. String instructions such as I/O, translate, and others 
also have repeat and nonrepeat versions. 

Compared to other microprocessors or to 16-bit minicomputers, 
the numtser and power of individual instructions has been greatly 
increased. Over 110 distinct instruction types are available with 
the AmZSOOO CPUs, compared to approximately 60 for the PDP 
11/45. With few exceptions, byte, word and long-word data ele- 
ments can be processed by all the instructions. Each instruction 
- again with few exceptions - can use any of the five main 
addressing modes. 

instruction prefetch (pipelining) has been designed into ttie CPU 
to improve overall execution times wherever possible. Also, spe- 
cial opcodes and hardware is designed into the CPU to allow 
expanding the instruction set extemaily with doseiy-coupled ex- 
tended processing devices. 

2^.1.4 Oilier Resources 

The AmZQOOO CPU outputs status lnformation_via four status 
lines (ST0-ST3) and the System/Normal line (S/N). These define 
the operating status of ttie CPU and can also be used to efficiently 
extend the addressing range. Th^ is done by fMpcating physical 
memory to specific usage. 

A very convenient dhfision is to separate physical memory 'into 
code, dtAA, system, and normal spaces for etiher^^^^ or 



An^BOOS astern. Farmsmp^i tiie diraet addressing range of 
64K bytes of the AmZ8002 cart be increiased to 2S6K bytes with 

such a division. 

Other resources and signals are provided for memory and I/O 
addressing and data transfers, interrupt and trap processing, 
CPU and bus control, and multimicro control. These are discus- 
sed elsewhere. 

The AmZSOOO segmented CPU can be run in the nonsegmented 
mode. This is discussed elsewhere. 

2.2.1.5 Multimicroprocessor Support 

The AmZSOOO exclusion/serialization mechanism is designed for 
multimicroprocessor systems. Any CPU in a multimicroprocessor 
system can exclude all other asynchronous CPUs from any criti- 
cal shared resource by using the Micro In (/il) input and Micro Out 
lji.0) output in conjunction with the REQUEST, TEST /xl, SET /lO 
and RESeT ^0 instrudiohs. 

hi addWon, the large address space of the AmZBOOO is a benefi- 
cial feature In multimicroprocessor systems. ' 

2.2.2 Large Addressing Space 

High-level languages, sophisticated operating systems, large 
data bases, large programs and decreasing memory prices are 
ail accelerating the trend toward larger memories. The AmZSOOl 
can directly address up to eight megabytes of memory per ad- 
dress space. Four convenient separate address spaces exist in 
the AmZSOOO: code and data for both the s^tem mode and the 
normal mode. 

Larger addressing spaces require longer addresses. This in- 
creases the size of instructions and requires larger registers 
(register pairs) when used for addresses. The impact of this is 
minimized in the AmZBOOl by segmented addressing features, 
the use of short addresses in many cases, and by the availability 
of a large number of general-purpose registers. Where the large 
address space is not required, the AmZ8002 CPU provides 64K 
bytes of space in each of four spaces and needs only a single 
16-blt word for address reference. 

Am2SBObO programs can directly access the entire address 
space. iSfncd eight megabytes eire directly addressable, each 
instruction has a full address mode where at least 23 bits are set 
aside for ttie address. However, the AmSOOO ato oflarsa mode 
in which theiiame addr^ can be expressed by 16 bilB;in4nany 
frequent sItQillohs where the higher-order offset bits are zeros 
(short offset mode). 

Alternative methods commonly employ fixed internal registers 
that contain address extensions. Although these methods use 
shorter addresses, the byte savings are lost because many in- 
structions are required to explicitly manage the contents of the 
registers. The Amizsooo can use these methods; however, it also 
provides direct addressing that removes the necessity for those 
extra instructions and unburdens the programmer from managing 
the register contents. It also h^ no speed loss for short offset 
addresses and the time lost in the case of long offsets is smaller 
than the time required to load an internal register. 

Another important feature provided to the programmer is the 
ability to distinguish between system code and normal code, and 
- in both cases - the additional capability of distinguishing 
between instruction space, data space and stacl< space. If this 
feature is utilized, the AmZSOOO can address up to 48 megabytes 
of memory. 

2^ Seg m eitfed Me ro ory A«ldre«»lng 

SegmeiTtalion a powerful and useful technique liecause it 
fprfns an efficient way of dividing an address space into different 
functionai areas. This allows a user to use a different segment for 
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each different area, such as areas for storing procedure instruc- 
tions, holding global variables, storing multiple user common data 
or code, or serving as a buffer area for prsGes^nipMip.'tM^ 

resident data bases. 

The AmZSOOl uses segmented memory addressing not only to 
address the large amount of memory (8M bytes) but to provide 
the features required by advanced memory - intensive systems. 
For applications that do r^^^wre a ^d^|6^Fg|g^^g^^ 
norisegmented Am26o(ii^|y^,si(gi^^,' j-' 

A segrrmiMfuMress is made gf two parts: a segment purpbM' & 
address AM^ SiftI an of^^d^(l6 add^lsite). thi'Aii^SsSin 
:(anKd«i^gMi'<M|Mei>fim«»SilMS'<mi%i ^ #IK 

bytesr. • 

Code written for the nonsegmented AmZ8002 CPU can run in 
one segment of the segmented AmZSOOl CPU when It is oper- 
ated in the nonsegmented mode. Thus, fUH akfii &n^ltU0fy 

exists between the two versions. 

2.2.4 Memory Management 

Complex, large memory systems require not only capabilities of 
handling larger addressing spaces, but memory management 
features as well. Variable sized segments, logical to physical 
relocation, and memory protection can be provided with a sepa- 
rate memory management device. These features will extend the 
life of the architecture by avoiding memory address limitations 
that have hampered microprocessors in the past. A memory 
management system can be employed to provide system support 
such as segment swapping, memory access monitoring, and 
memory segment protection of various types (code only, DMA 
only, etc). 

When segmentation Is combined with an address translation 
mechanism to provide relocation capability, the advantages of 
segmentation are even greater. Then, segments can be of vari- 
able user-specified sizes and located anywhere In rnemory. 

To meet such requirements of memory-Intensive applications, a 
memory-management device hets t>een designed to worl< closely 
with the AmZSOOl CPU. It is designated the AmZSOlO Memory 
Management Unit (MMU) and is based on the concept of seg- 
mented memory addressing. 

The MMU manages the large address space by providing real- 
time segment relocation from logical to physical address space. It 
also monitors memory accesses, changes, and other protection 
attributes (size, CPU inhibit, read only, system only/normal in- 
hibit, execute only data-stacl< inhibit. CPU only/DMA inhibit). 

This external memory management device essentially doubles 
the silicon area available to the microprocessor. Hence, it also 
doubles the logic available to the designer for implementing more 
features than otherwise would have been possible. 

The AmZSOOl Is designed to work with or without the MMU. If 
used, one or more MMUs can be employed for complex 
memory-intensive systems. 

2.2.5 Code Density ^ " ' ' " 

Microprocessor speed is largely dependent on the number of 
executed instruction words. Therefore, code density is an impor- 
tant issue. The Am^OOO offers several advantages In this 
respect. 

The number of words required to specify frequent instructions 
(those instructions encountered by the assembler most fre- 
quently) has been minimized. This results in one word used for 
each JUMP RELATIVE, CALL RELATIVE, LOAD BYTE REGIS- 
TER IMMEDIATE and LOAD WORD REGISTER IMMEDIATE 
(for small immediate values). 



A short offset mechanism is also designed to allow an address to 
be reduced to a single word. It can be automatically invoked by 
vssentiteis «md cOTpilers. - , 

^'ri^teidns in size and' ihcreitses in speed 
t ahd regular structure df the architeiti- 
ture, arrd Hie gre^r power of the Instruction set - factors that 
lallMf^iMil^MitMons to ae^tnplisha given task. Compared to 
iM!ii|iS0iifen]iproces«>r designs, AmZSOOO architecture is more 
lW(illiir feaWMse i^ regtoters. address modes and date element 
'fpesMMi^^ MW^rinati' ,mc>Fe orderly fashion. Any gemral- 
pMtpse itesy»r can lie specified to be an accumulator, ind^ 
vegkter or mmtee w^l&m. With few exceptions, all addressing 
mectos mm be ttae^ WMi all iiwtaictions. Smilarty, .all ttie various 

I can be used with all the 
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2^6 Throughput 

Meaningful evaluations of computer performance will include 
comparisons based on the execution times of typical programs in 
ty^iea! appM^MS. RA' ttie AmZSOOO, these applications nor- 
Iht^M l^^ievet language compilers, operating systems 
at)el ta^Ma4HSe management. In such areas, the AmZSOOO 
te!#>gfe ^ < Bwg 1Si^lBt'»ian existing 8-bit microprocessors and 
two to five times faster than modem 16-bit microprocessors or 
popular minicomputers such as the PDP 11/34. Furthermore, the 
AmZSOOO does this with proven N-channel MOS technology and 
a moderate 4MI-lz clock rate that allows the use of lower-cost 
dynamic RAMs. The AmZSOOO is also available in a 6MHz ver- 
sion. The AmZSOOO overlaps Instruction execution with next in- 
struction fetch and avoids the problems associated with deep 
unconditional prefetching. 

The AmZSOOO can achieve this high degree of performance 
because its regular architecture does not have critical bottlenecks 
and because the sophisticated instruction set substantially re- 
duces the number of executed instructions. Some examples of 
this sophistication are: 

• 32-blt operations (including Multiply and Divide) in single 
instructions 

• String manipulation, including 'Compare and 'ffanstaie 
• ' @loi^ I/O mstructions 

• Qirfet a^ressing of the entte^ memory 
i»i9ii6SB$$ m lSSS>iSBB4iiRiWs^iS!mtNomt^ or Supen/lsor/User) 



The Q^bination of the powerful instruction set artb regular ar- 
chitecture reduces the number of instructions required to execute 
a progr^ and boosts AmZSOOO performance into the range of 
well-established minteomputers. (The AmZSOOO is faster than the 
PDP 11/45 and only slightly slower than the PDP 11/70.) 

The following comparisons demonstrate the high execution 
speed of the AmZSOOO and compare it to the PDP 1 1/45. Only the 
4MHz device is shown in the comparison; times for the 6MHz 
version would be proportionally shorter. The AmZSOOO is faster in 
all except Multiply. These tables and graphs show that the 
advantage of the AmZSOOO is more pronounced when the 
comparisons involve greater instruction power, more sophisti- 
cated addressing modes or longer word lengths. Actual applica- 
tions programs will take advantage of the more sophisticated 
aspects of the instruction set and architecture, and will therefore 
run considerably faster on the AmZSOOO than the PDP 11/45. 



TABLE 2.2.6.1 EXECUTION TIME FOR LDB R, src (/is) 



Source 
Addressing Mode 


AmZBOOO at 
4MHz 


PDP 11/45 
with 8K 


Register 


0.75 


0.90 


Indirect Register 


1.75 


1.88 


Direct Addressing 


2.25 


2.78 


Indexed Addressing 


2.50 


2.78 


Imniediate 


1.00 


1.88 



PDF 


11/45 


i. 


XED 




i 

/ 

/ 


— -i-— ' DIRECT 

REGISTER 
/ INDIRECT 1 
^^N. REGISTER j 




REGIS 


— T N. 


4MHz 



ADDRESSING MODE 



Figure 2.2.6.1 Execution Times LDB R, src 

for Various Addressing Modes 
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c) Execution Times for MULT R, DA 

PDP is a registered Trademarlc of 

Digital Equipment Corporation Rgure 2.2.6.2 



TABLE 2.2.6.2 EXECUTION TIMES FOR LD, ADD AND MULT 







AmZaOOO at 4HMz 


PDP 11/45 WItll 8K 


Operation 


Data Type 


Inst. 


Bytes 


Cycles 


(XS 


Inst. 


Bytes 


MS 




Byte 


1 


4 


9 


2.25 


1 


4 


2.78 


LD R, DA 


Word 


1 


4 


9 


2.25 


1 


4 


2.78 




Long Word 


. , 1 


4 


12 


3.00 


2 ■ 


8 


5.56 




Byte 


1 


4 


9 


2.25 


2 


6 


3.68 


ADD R, DA 


Word 


1 


4 


9 


2.25 


1 


4 


2.78 




Long Word 


1 


4 


15 


3.75 


3 


10 


6.46 




Byte 


3 


a 


87 


21.75 


2 


6 


6.61 


MULT. DA 


Word 


1 


4 


70 


17.50 


1 


4 


5.56 




Long Word 


1 


4 


350 


88 


17 


42 


33.94* 



*lf double floating point is used tt is ohe irosinicti6nt(xir b)(^ an^ 7^23^ 



2.2.7 Compiler Efficiency 

It is tempting to adapt a computer architecture that efficiently 
executes a particular high-level language. Any special-purpose 
match between an architecture and a language is efficient for that 
language, but most lil<ely inefficient for unrelated languages. 
Since the AmZSOOO is a general-purpose microprocessor, lan- 
guage support has been provided only through the inclusion of 
features that ease typical compilation and code-generation 

Among these is the regularity of the AnnZSOOO addressing modes 
and data element types. Note that any register (except RO) can 
be usedfe. a slacJ^^^r^y ^^^(pf^^stksatod PU^ ancf POP 
instnjcdons. Segmenta&m ^kJ rekicallonarBuseMfsaluresiQr 
high-level language procedure implementation. Procedure 
parameter passing Is aided by these features as well as by the 
Instructions INCREMENT BY 1 T0 16 and DECREMENT BY 1 TO 
16, which are useful In stack frame allocation and de-alloeali@ri. 
For stadt AareeB, the addressing modes of Base -Address and 
Base lndi^'0^ also useful. ^ | 

Testing of data, logical evaluation, Init^Miatleh an^Gonipari^ 
of dEda are made possible by the instructions tESTfnST GOt^ 
DITION QOOES. LOAD IMiy4iOIAllE INTb MduiQMY. and 
COMmiRi IMI^DIATE WITH-itEMi9RY. tSonvites and as- 
semMMd manipijlate character strings quite frec)uentty and the 
instruci8ois« TRANSL^E. TR/VNSI^TE AND TEST, BLOOK 
COMWine, arKLCOt^pt^tmO all result in dramtie speed 
impraienieittts «mr ^M^^EMl&tibns of these important 
ta^cB. 

2.2.8 Operating System Support 

Interrupt and task-switching features are included to Improve 
operating system implementations. The memory-managemeijg 
and compiler-support features are also quite Important. 

The interrupt structure has three levels: nonmaskable, nonvec- 
tored and vectored. When an interrupt occurs, the program status 
is saved on the stack with an indication of the reason for this state 
switching before a new program status is loaded from a special 
area of memory. The program status consists of the flag register, 
the control bits and the program counter. The reason for the 
occurrence (saved on the stack) takes the form of a vector read 
from the system bus. In the case of a vectored interrupt, the vector 
also determines a jump table address that points to tfie Memifty 
processing routine. 

The inclusion of system and normal modes improves operating 
system organization. In the system mode, all operations are 
allowed; in the normal mode, certain system instructions are 
prohibited. The SYSTEM CALL Instruction allows a controlled 
switch of mode; SMUlNlflraplementatron of ti^^ enforo^lh^ 
restrictions. . .. 

Traps result in the same type of program status saving as Inter- 
rupts: in both cases, the Information saved Is pushed on a system 
stack that keeps the normal stack undisturbed. The LOAD MUL- 
TIPLE REGISTER Instruction allows the contents of registers.to 
be saved efficiently in memory or on the stack. Running programs 
can cause program status changes under direct software control 
with the LOAD PROGRAM STATUS Instruction. 

Finally, exclusion and serialization can be achieved with the 
"atomic" TEST AND SET instructfon that synchronizes asyn- 
chronous cooperatiiig processes. 

2.2.9 Software Support 

AMD offers a full range of applications support and system sup- 
port software for the AmZSOOO family. Language compilers, as- 
semblers, utilities, translators for existing programs, etc., are all 



available to AMD customers. Present users of Z80, AmSOBOA 
and Am8085A microprocessors can easily convert their existing 
software into AmZBOOO code. 

Even though there are planned similarities to previous proces- 
sors, the AmZSOOO represents a major architectural advance 
over existing designs. There are more instructions, more data 
types, more addressing modes, larger addressing spaces, and 
greater instruction complexity. Thus, the full benefits of the 
AmZSOOO architecture will only be realized by making code 
changes to existing programs to take advantage of the greater 
available performance. 

2.3 REGISTER OR6AIIIZ»iMM4 

"The CPU includes several types of hardware registers available 
to the programmer. They are eachdescribed in detail below. They 

are: 

1. 
2. 
3. 
4. 
5. 

6. New PiGHKailll^Mi«k«dii^ 



General Registers 
Program Counter 
Flag and Control Word 
Stack Pointer 
Refresh Counter , 



2.3.1 General Registers 

The CPUs are centered around sixteen 16-bit general-purpose 
registers identified as RO through R15. The desired register is 
usually designated by a 4-bit field in an instruction. Instructions 
operate on bit, byte (8-bit), word (16-bit), long word (32-bit) or 
quad (64-blt) operands. Refer to Figures 2.3.1.1 and 2.3.1.2. 

For byte operations, the first eight general-purpose registers (RO 
through we treated as sixteen 8-bit registers identified as 
»«jO." "Wi) " "PILit and so on to "RL7" and "RH/." A 4-bit field 
in an insMttao disslgnates the desired byte register. For 
operations ri^quittng long-words, the 16-bit general-purpose 
registers are grouped In pairs. For example, the RO, R1 pair Is 
identified as "RRO," the R?, R3 pair as "RR2" and so on to the 
R14. R15 pair as "RR14." Thus, the general-purpose registers 
can also be treated as eight 32-blt registers. The three most 
signjScant bits of a 4-bit field In an Instructton designate the 
' ~ Set ii 5 t wigWi W # a D» <wd the feurth bit should be zero. 

, For certain 64-blt operands (multiply and divide), the 
general-purpose registers can also be grouped into quads. For 
ffifaiMrie^ttn fW, R1 , R2 and R3 group is Identified as "RQO," the 

''%l!*Ri^'wyiy R7 group as "RQ4" and so on to the R12, R13. 
R14 and R15 group as ''RQ12." The two most significant bits of a 

■••fffitH tieid in an instrucHon designate the desired quad register 
and ttie retrtaining two bits should be zero. Table 2.3.1 depicts this 
organization and gives the four-bit designation used In the source 
and destination fields of instructions. 

The registers may contain operands or address information. 
When a register pair contains a long-word operand, the even 
numbered register of the pair holds the most significant 16-bit 
data while the odd numbered register of the pair holds the least 
significant 16-bit data. When a register quad is specified for 64-bit 
data, the first register holds the most significant 16-blts and the 
last register of the quad holds the least significant 16 bits. For 
example, RO is the first register and R3 is the last register of the 
quad RQO, R4 is the first and R7 Is the last of the quad RQ4 
and so on. 

In the AmZSOOl (operating in the segmented mode), a register 
pair will be needed to specify the required 23-bit address. The 
7-bit segment number is always specified in the even numljered 
register and 1 6-tjjteffsatis^peeilied in theodd numbered register 



of the pair. 



RIO 

R11 

R12 

R13 

R14' 
R14 

R^S' 



R2 
R3 



SYSTEM STACK POINTER 
NORMAL STACK POINTER 



SYSTEM STACK POINTER 
NORMAL STACK POINTER 



Rgure 2.3.1.1 AmZBOOl General Registers 
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Figure 2.3.1.2 AitnZCflXB Generai Registers 



TABLE 2.3.1 GENERAL. REGISTER ORGANIZATIQN 
AND DESIGNATORS 



2.3.2 Program Counter 

Refer to Rgure 2.3.2 









Long 


Quadruple 


Register 


Byte 


Word 


Word 


Word 


Designator 


Mode 


Mode 


Mode 


Mode 


0000 


RHO 


RO 


RRO 


RQO 


0001 


RH1 


R1 






0010 


RH2 


R2 


RR2 




0011 


RH3 


R3 






0100 


RH4 


R4 


RR4 


R04 


0101 


RH5 


R5 






0110 


RH6 


R6 


RR6 




0111 


RH7 


R7 






1000 


RLO 


R8 


RR8 


RQ8 


1001 


RL1 


R9 






1010 


RL2 


RIO 


RR10 




1011 


RL3 


R11 






1100 


RL4 


R12 


RR12 


RQ12 


1101 


RL5 


R13 






1110 


RL6 


R14 


RR14 




1111 


RL7 


R15 







15 










SEGMENT NUMBER 

1 1 1 1 1 1 


' r r r r r r r 




SEGMENT OFFSET 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




AmZSOOl 


15 







ADDRESS 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



(Reserved) 

All general purpose registers can be used as accumulators. 
However, RO in the AmZ8002 (and RRO in ttie AmZSOOl) cannot 
tie used as an index register or memory pointer. Refer to the 
section on Address Modes (3.6) and Section 5.2A. 
The highest order general-purpose registers are used as Implied 
stack pointers. For a description of this refer to the section entitled 
Stack Pointers (2.3.4). 



Am28002 



Figure 2.3.2 CPU Program Counters 



The program counter points to the address of the next Instruction 
to be fetched from memory. It is a 16-blt register In the AmZ8002 
and a register pair in the AmZ8001. The pair contains a 7-blt 
segment number and a 16-blt offset. The AmZSOOO addresses 
bytes In memory, instructions occupy full words and are located 
on even byte addresses (the LSB of the PC is always 0). Follow- 
ing the fetch of each word of an Instruction from memory, the PC 
is incremented by two. In the AmZSOOl, only the offset Is In- 
cremented; the segment number is not changed by Incrementing 
the PC offset. 
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The PC is changed by the following conditions: 

a. After fetching an instruction word, the PC (offset) is 
incremented by two, 

b. Following reset, the PC of the AmZ8002 is loaded from 
memory address 4. The PC offset of the AmZSOOl is loaded 
from segment 0, address 6 and the PC segment is loaded 
from segment 0, address 4, 

c. Program control instructions such as Jump and Call load PC 
(offset and segmer§~1Rtm inSBIff^^ the 
instruction, ~\ t , 

d. Return from subroutine or interrupt loacb. PC (offset and 
segment) from the system stack. 

e. System call, interrupts and traps load PC (offset and 
segment) from an area of memory called the New Program 
Status Area. See "BcsepHsr Processirig^ fer m complete 
description. — ,^ 

\A/fien reset tfie AmZSOOl f>e segment «HI-be aufemattedly 
loaded from memory address 4 and PC ef^M be 
automatically loaded from address 6. The AmZSOOS TOfKMress 
will be ai^pmatcally loaded from memory a ddr^ ss»* tfion reset. 
All itiese memory addr^siss are locatedlh s^ment 0. 

Flag and Control Word (FCW) 

This register contains the flag bits which are set following data 
operations and used for conditional branching. The FCW also 
contains the CPU controls bits. Ref^r to Figure 2.3.3^ 



SEG 


SIH 


EPE 


VIE 


Nvie 


0,0,0 


c 


z 


s 


P/V 




H . , 


AmZSOOl 

IS 


1- 


SIH 


EPE 


VIE 


NVIE 


0,0,0 


c 


z 


s 


p/v 


DA 





AmZS002 



Figure 2.3.3 CPU Flag and Control Words 



2.3.3.1 Flag Bits 

The flag bits are all in the tower byte and consist of the four 
standard arithmetic flags (carry, overflow, zero and sign) as well 
as a half carry and decimal adjust flag for BCD arithmetic. Table 
2.3.3 defines each of the flag bits. '' I 

Rag bits ans^ changed by the following conditions: 

at Rilli9iMHU| each instruction, certain flag tiits may be set or 
I8S^ Bffer to the description of the individual instruction to 
see howthe flags are affected. 

b. Instructions are available to set, reset or cornplement each 
flag bit. j " 

0, Hw tag^bits ptiange when the entite..RGW-is loaded from 

Hie FCW also contains control bits describing the CPU's state. 
H*^ are described in Table 2.3.3. They are all located in the 
UjDIiW byte of the FCW, and consist of ehabte bits for the two 
ms^telbte itferrupts (vectored and honvectored); a bit which 
Speei)^ wt^th^ the CPU Isjn s)«tem or normal mode, a bit 
wMeh specM^ iSSSit the An^ZBOQI . is In segmented or 
nonsegmennd «i^^;;.^](LJL.bit which, enables extended 
processing. ^-^ — - 



I byte of the FCW are system 
J these control bits inaccessible in 



Instructions affectingjBtfjd 
(privileged) instructions mak' 

the normal mode. 

Interrupt Enables. The CPU can respond to three types of 
interrupts, discussed more fully under "Exception Processing." 
Two of the interrupt types can be enabled or disabled under 
program control by setting or clearing the appropriate bit in the 
FCW. This can be done by individual instructions or by loading a 
new FCW from another source (see 2.3.3.3). 

Extended Processing Enable : The CPU can allow close-coupled 
extended processing units with the enabling of this control bit. If 
not set. then upon the execution of any of the special (extended 
processing) opcodes, a trap will result. See "Extended 
Processing" for a description of this. 



TABLE 2^.3 fkm AND^CONIfROL WORD BITS (FOW) 



Bit 


Name 


Meaning it 1 


Meaning if 


2 


H 


carry Worn lower four bits of byts arUhrrfsitic 

operation. 


a* 

No carry. 


3 


DA 


Used by processor during decimal operation. 




4 


P/V 


Result of logical operation was even parity. 
Result of arithmetic operation overflowed. 


Result of logi&S' operation was odd parity. 
Result of arithmetic operation did not overflow. 


5 


s 


Result of arithmetic operation was ntgative 

(MSB = 1). 


Result of arithmetic operation was zero or positive 

(MSB = 0). 


6 


z 


Result of arithineto wfbgical operation was 
all zeroes. 


Result of arithmetic or logical operation contains 
at least a single one. 


7 


c 


Carry occurred from MSB (sign) bit of arithmetic 

operation. 


No carry. 


11 


NVIE 


Nonvectored interrupts enabled. 


Nonvectored interrupts disabled. 


12 


VIE 


Vectored interrupts enabled. 


Vectored interrupts disabled. 


13 


EPE 


Enable extended processing 


Implements trap if special extended 
processing opcode is executed. 


14 


S/N 


Processor in system mode. 


Processor in normal mode. 


15 


SEG 




AmZSOOl emulating AmZ8p02 
(nonsegmented). 
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System INormal Mode: The CPU can operate in either of two 
rrexJes; called "system" and "normal" (or "user"). The mode is 
specified by a bit in the FCW. The differences between the two 
modes are: 

a. Certain instructtons cannoti be executed In normal mosie. 
' These include those instruclionstwhich are generally used by 

an operating system. They ai®: 

• All I/O instructions 

• Instructions affecting the control bits (upper byte of FCW) 

• Instructions affecting the multiprocessor facility 

An attempt to execute one of these instructions results in a 
trap called "privileged instruction trap." See "Exception 
Processing" for a detailed description of what happens. 

b. A different register is used for R15 (R14 and R15 in the 
AmZBOC^I). This general register is intended for use as the 
primary stack pointer. While any general register except RO 
can be used as a stadt pointer, certain instructions 
automatically invol<e R1 5 as the stack pointer for saving 
system status. The CPU uses a different hardware register 
(or register pair) for R15 when in the system mode than in the 
normal mode as registers are duplicated in hardware for both 
system and normal stack pointer. 

The extra register is called R15' to distinguish it from the normal 
mode R15. In the AmZ8002, only R15 is separated. In the 
AmZ8001, twth R14 and R15 are separated, since the pair is 
needed to hold both segment and offset of the stack address. A 
reference to R15 (or R14) when the processor is in system mode 
actually refers to R15' (or R14'). The same reference in normal 
mode refers to the normal R15 (or R14). All other registers are the 
same in either mode. 

The System/Normal bit is changed only by loading a new FCW 
(see 2.3.3.3). 

Nonsegmented Mode of ttie AmZSOOI. In the AmZ8002, 
addresses are completely contained in a single 16-bit word. The 
AmZ8001 uses a segment and offset, requiring two words. All the 
instructions are identical; only the address references are 
different. The AmZSOOI can be switched to a nonsegmented 
mode to execute software assembled for the AmZ8002. This 
switch is accomplished by the segment bit (15) in the flag and 
control word. i 

The segment bit is available only on the AmZSOOI. It is always 
zero on the AmZ8002. It can be changed on the Am^OOl only by 
loading a new FCW (see 2;3^.3). FMec to "Sepnented and 
Nonsegmented Modes" for a deseriptien of ttiis future. 

2.3.3.3 Loading a New FCW 

The entire Flag and Control Word can be loaded in the following 
ways: 

a. An instruction is available to load it from any source. 

b. On an interrupt or trap it is loaded automatically from the New 
Program Status Area (see 'Exception Processing"). 

c. On a return from an interrupt or trap it is restored to its 
previous state by a reloading from the system stack. 

d. Following RESET, the FCW is loaded from memory location 2 
(segment of AmZSOOI). 

ZJ3.3A Processor Status Information 

The contents of the program counter and flag and control word 
are collectively called the Processor Status Information. When an 
interrupt or trap occurs, current processor status information is 
saved and new processor status information is loaded from the 
New Program Status Area of Memory (see "Exception 
Processing!'). 



Figure 2.3.3.4 illustrates how the program status groups of the 
AmZSOOI and AmZ8002 differ. In the nonsegmented CPU the 
program status group consists of two words: the PC and FCW In 
the segmented CPU the program status group consists of four 
words: a tworword PC, the FCW, and an unused word resen/ed 
fefifoKim'USfe - . 

With the exception of the segment enable bit in the AmZSOOI 
program status group, the flags and control bits are the same for 
both CPUs. 



I RESERVED 
I WORD 



I FLAG AND 
CONTROL 

'word 



SEGMENT NUMBER 

J I \ I L 



J I I I I I I I I 1 1 I I I L_I1 

AmZSOOI 



SEGMENT OFFSET 

J I I I I I I III I I I I. _i 



I FLAG AND 
CONTROL 
'word 



I PROGRAM 
I COUNTER 



AmZ8602 

Hgure 2.3.3.4 CPU Processor Status Information 
2.3.4 Stack Pointers 

The architecture allows the creation and maintenace of stacks in 
the memory. Any of the general-purpose registers (except RRO in 
AnrtZSOOl and RO in AmZ8002) can be designated as stack 
pointers in the PUSH and POP instructions. However, for the 
CALL and RETURN instructions, specific general-purpose 
registers are implied as stack pointers. 

In the AmZSOOI the general-purpose register pair RR14 is the 
implied stack pointer. The 7-bit segment number is contained in 
R14 and the 16-bit offset value is contained in R15. The segment 
number and the offset value form a 23-bit segmented address. 
For the AmZS002 the general-purpose register R1 5 is the implied 
stack pointer and contains the required 16-bit address. It should 
be remembered that the implied stack pointers are still 
general-purpose registers. In other words, certain implied 
general-purpose registers are given stack pointer attributes in 
addition to their normal general-purpose characteristics. 

The processors can operate in one of two selectable modes: 
System and Normal. The System mode is sometimes called 
"supervisor" or "privileged" mode and the Normal mode is 
sometimes known as "program' or "nonprivileged' mode. 
Separation of system and normal stacks is desirable in order to 
facilitate sophisticated system designs. This is accomplished by 
providing System Stack Pointer in addition to Normal Stack 
Pointer by duplicating these registers in hardware. - 

In the AmZSOOI two additional registers, R14' and R15', are 
provided corresponding to R14 and R15. When the AmZSOOI is 
operating in the system mode, R14' will be used as the 
general-purpose register whenever R14 is specified. Similarly 
R15' will be used instead of R15 in the system mode for both 
AmZSOOI and AmZ8002. Thus, the register pair R14', R15' 
(identified as RR14') is the implied System Stack Pointer for the 
AnWOI •ffitd^ms^'ls: ttieiim^ied System Staotc Pointe^ tor <the 
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AmZ8002. Although R14 and R15 are Ftet used in the system 
mode, instructions are provided SUch that these two 
general-purpose registers can be accessed without actually 
switching the operating mode. The System Stack Pointer will be 
used during program Interruptions to save the pre-lnterrupt status 
irrespective of the selected operating mode. Refer to Rgures 
2.3.1.1 and 2.3.1.2 for a look at these. 

2.3.5 Refresh Counter 

Both AmZ8001 and AmZ8002 contain a refresh ^i^@r& 
dynamic memories. The refresh counter, illustrated in Figure 
2.3.5, consists of a 9-blt binary Rat^' C^ffl^ and a Refresh 
Enable (RE) bit. The Rate Courrter"IS«ipi!@#aMmable modulo 64 
counter clocked at 25 percent of the trequeni^yaf the clock driving 
the CPU. The Row Counter is ct0jBifei,<n*|enever the R^ 
Counter overflows. The automatic rafre^ feature cari' be 
disabled by loading a zero InRCthe m^Mifll^igttleEHt when the 
CPU Is resetter Initializatkjn, thi8%itiis«aetit0-aiferoiii«;, refresh Is 
disabled. Access to the refresh counter Is made using the LDCTL 
Instruction. 

15 14 9 8''' 

HE RATE 1 ROW I 

I I I I I I I ' i I I L_J 

Figure 2.3.5 CPU Refresh Counter 

2.3.6 NUr'PfBSHmrbsiiQS Area Pointer - 

When a program interruption occurs, the CPU automatically 
saves the program status in the system stacl<. New program 
status will be loaded into the FCW and PC. This new program 
status is obtained from a location in the memory called New 
Program Status Area. The user defines the begining location of 
this area by setting the New Program Status Area 
Pointer(NPSAP). The NPSAP may point to a 256-byte boundary 
anywhere Into memory. The NPSAP is shown in Figure 2.3.6. In 
the AnnZSOOl It consists of two 8-bit registers, one for the segment 
and one for the most significant eight bits of the offset. On the 
otn^r hand, only one 8-bit register is iped iQ f0 Am2^il^,'J^^ 
register specifies the most signfflcaht 8^:^ 0^ 'i^tt ^m^S^ 
The NPSAF is changed by using th»t.e@rL i^eilieiB9m'>'^ 
"Exeepticn Processing" for details of Ms U^Pimse^m tS^I^ 
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Figure 2.3.6 New Program Status Area i>einter - 



2.4 EXCEPTION PROCESSING 

Program interruptions are divided into two groups - interrupts 
and traps. In general, an Interrupt Is an external asynchronous 
event needing the CPU's attention. A trap usually Is a 
synchronous event resulting from the execution of certain 
iWructlons under some specified condition. Also an Interrupt 



(except for the nonmaskable type) may be disabled In the CPU by 
an appropriate control bit In tlie FCW; traps cannot be disabled. 
Procedures followed-ttil^tMif^ are ^sentia%;^ smwtler | 

interrupts and traps. ' ' 

The descending order of prionty for traps and interrupts 
is; internal traps, nonmaskable interrupt, segmentation trap, 
vectored interrupt, and nonvectored Interrupt. These types are 
defined below. 

When an interrupt or trap occurs, the CPU automatically switches 
to the system mode and saves the program status information 
(PC and FCW) plus identifier word on the system stack. The 
identifier supplies the reason for the interruption and is returned 
by the interrupt or trap. For external traps (segmentation error) 
and interrupts, the identifier is the vector on the data bus read by 
the CPU during the interrupt-acknowledge or trap-acknowledge 
cycle. Refer also to Figure 5.5.6. 

2.4.1 Type of Interrupts 

There are three types of interrupts serviced by the CPU. In order 
of decreasing priority they are: nonmaskable, vectored and 
honvectored. 

Tbsimnmaskable interrupt Is always active; it cannot be disabled 
une^ program control. It Is typically used for power-failure 
sensing. The nonmaskable interrupt results in a Jump to a user 
defined location In memory. The interrupting device may pass a 
16-blt ldentifl6i*ieoftWing information about the interrupt to the 
program. 

The vectored interrupt may be masked by clearing bit 12 in the 
FCW register. If bit 12 is set. then an interrupt causes a jump in 
memory to an address defined Indirectly by the vector supplied by 
the interrupting device. The device generating the interrupt may 
pass an 8-bit identifier to the program along with the 8-bit vector. 

The nonvectored interrupt may be masked by clearing bit 11 in the 
FCW register. If bit 11 set. then an interrupt causes a jump in 
memory to an address defined by the user. A nonvectored 
interrupt always results in a branch to the same location. The 
interrupting device may pass a 16-bit identifier to the program. 

2.4.2 Traps 

There are four types of traps in the CPU: system call instruction, 
special opcode, privileged instruction in normal mode, and 
segmentation error. They cannot be disabled. 

The identifier in the case of traps (except segmentation error) is 
the first word of the instruction that caused the trap. This word 
always contains the instruction opcode. 

System Cet: Ttie ^tem call instruction Is a software trap. This 
insMetton poiitains an 8-bit field which can be used by the 
■prSgtftwtltff ^^Mii iHformatioii to the system. The system call 
results In a branch to a memory address specified by the user. 

Special Opcode : There are six special opcodes In the AmZSOOl 
and AmZ8002 which allow for extended processing or results in a 
special opcode trap (see "Extended Processing"). An attempt to 
execute one of them (if the EPE control bit Is not set) results in this 
trap occurring. The program branches to a memory address 
specified by the user. The opcode causing Oie trap Is passed to 
the program as an identifier. The six special opcodes. In hex, 
are: OExx. OFxx. 4Exx. 4Fxx. BExx. BFxx. 

Privileged Instruction : This trap results when an attempt is made 
to execute one of the system-only instructions when the CPU is in 
the normal mode. The program branches to a user-defined 
address and the offending opcode is passed as an identifier. The 
privileged instructions are: all I/O instructions, instructions which 
Inspect or modify the control bits of the FCW, and those that are 
Involved'in the multlmicro (multiprocessor) facility. 
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Segmentation Error: This trap is used by the AmZSOOl to 
respond to an addressing error, generally an offset which Is 
outside the defined boundary for a segment or some other 
segment addressing violation detected by Bie Memory 
MantKienieiit Unit (AinZ8010J|. Ttm Identifier is supplied by tt^ 
AmZSOlO and ia discussed fUdy^in the MMU dQcugientatiQiv . 

2.4.3 New Program Status Area 

After Itie old program status information (PC and FCW) is stored 
in the system stack following an interrupt or trap, the new program 
status information is automatically loaded into the PC and FCW 
from a specified area in memory. This area is called the New 
Program Status Area (NPSA) and it contains information for 
context switches due to each type of Interrupt and trap. 

The CPU attows the loi^tion of the NPSA to be anywhere in the 
addressable memory space, alttiough it must be aligned to a 256 
byte boundary. TYie New Program Status Area Pointer (NPSAP) 
register specifies the begining address of the NPSA (see 2.3.6). 



The CPU uses this address along with an offset, depending 
upon which type of interrupt or trap occurs, to index into the 
NPSA table. Table 2.4.3 defines the location of the data in the 
NPSA. 

The NPSAP is a one-word register in the AmZ8002, the lowest 
byte of which is zero. In the AmZSOOl the NPSAP is stored in a 
two-word register; the first contsuns the a^rnent number and the 
second contains the offset. Again, the lowest byte is zero. The 

NPSAP is loaded and read using the LDCTL instruction. 

(The NPSA must be located in code memory space if separate 
memory spaces for code and data are being used or when using 
the code attribute with the Memory Management Unit. This is 
because of the Status Line decode for a code reference; refer to 
the MMU documentation.) 

Ttie NPSA contains a tat>le of the new flag and control words and 
starting address (PCs) of service routines for each type of 
interrupt and trap. The table format is shown in Figures 2.4.3.1 
and 2.4.3.2 fprihe AmZBOOt and ArnZB002, respecUv^. 





SEGMENT 


0000000 
1 1 1 1 1 1 1 




UPPER "OFFSET 


0000000 

1 1 1 1 1 1 1 


TABLE ADW 
BY NPSAP 


ESS OERNEO 
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> BY TYPE 
OF MIBWIPrOR TRW. 



PBiyHEOED 
*~ INStWbnON TRAP 



MEMORY WORDS 



SPECIAL 
OPCODE TRAP 



PCSEQMEHT 



svsraacAu. 

INSTRUCTION TRAP 



SEGMENTATION 
ERROR TRAP 



S-.J^NONMIASKABLE 
INTERRUPT 



NONVECTORED 
INTERRUPT 



VECTORED 
MTBtRUPTS (COMMON) 



SAME FORMAT 
AS ABOVE 



SAME FORMAT 
AS VECTOR 



i=igure 2AJ^^ AmZSOOl New Progiam Ststus Araa 
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For the AmZ800l consecutive locations contain 1) reserve 
word, 2) new FCW, 3) new PC segment and 4) new PC offset 
for all tKV)s and interrupts axQB^ wectQied MerfuiilKifTlffiMi^ 
tored interrupts share a comnion reserved word and PC^^aM 
each vector has its own PC segment and offset. For the 
AmZ8002 there are just two words for each entry, the FCW and 
PC. The vectored interrupts share a common FCW and have 
separate PCs. Refer to Section 2.4.5. 
2.4.4 Exception Processing Sequence 

When an interrupt or trap occurs, the current program status 
information Is pushed onto the system stack in the following 
order: program counter (or PC offset, then segment in the 
AmZBOOl), contents of FCW register. Identifier. This is illustrated 
in Figure 2.4.4.1 . (See also Figure 5.5.6.) The identifier is the data 



defined above for the various types of interrupts and traps. The 
service routine cetp access the identifief by simply addressing the 
«iMifMecl'<l0! t^Kthe^tem stads pointer since ifeisi«ttlM|t«f 
the stack. 

The program counter and flag control word are reloaded with 
values located in memory in the New Program Status Area. The 
new program status will be loaded from an address whose upper 
8 bits (and segment number in the AmZ8001) are stored in the 
NPSAP and whose lower 8 bits are determined by the particular 
trap, interrupt or vector occurring. The CPU, of course, then 
begins execution immediately at the address found in the New 
Program Status Area. This address can also be anywhere in 
memory. The entire process is illustrated in Figure 2.4.4.2. 

To service an interrupt or trap requires 34 CPU doci<s. 
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Figure 2.4.3J2 AniZ8002 New Program Status Area 



TABLE 2.4.3 Li 



OF FCW AN0 I 



i mmmmm mm i^aps 



Function 


AmZBOOl 


AmZ8002 


FCW 


PC 


FCW 


PC 


Special Opcode Trap 


NPSAP + 10 


NPSAP + 12, 14 


NPSAP * 4 


NPSAP ■ 6 
NPSAP ~ 1(1 


Privileged instruction Trap 


NPSAP + 18 


NPSAP + 20, 22 


NPSAP + 8 


System Call Trap 


NPSAP + 26 


NPSAP - 28, 30 


NPSAP T 12 


NPSAP - 14 


Segment Error Trap 


NPSAP + 34 


NPSAP - 36. 38 


Unused 


Unused 


Nonmaskable Interrupt 


NPSAP + 42 


NPSAP + 44. 46 


NPSAP i 20 


NPS'M 


Nonvectored Interrupt 


NPSAP - 50 


NPSAP + 52, 54 


NPSAP *- 24 


NPSAP - 26 


Vectored Interrupt (V = Vector #) 


NPSAP + 58 


NPSAP + 4V + 60, 62 


NPSAP + 28 


NPSAP + 2V + 30 
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PROCESSOR 




SYSTEM STACK 
MEMORV 



AinZ8002 Before lrttemi|iljon 



PROCESSOR 



I PC <*) SEG 
PC (A) OFFSET 



P 



SYSTEM STACK 
MEMORY 



AmZSOOl Before Interruptton 



SYSTEM STACK 




AiTiZ8002 After Interruption 



I PC (B) SEG I 



PC {B) OFFSET 



AmZSOOl After Interruption 



Hgure, 2,4.4.1 Program, ;$ta^ Changes , , 
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A. Status at the Time IntenupMs flecaiveri: Program Instruction 1(1 ) Is being ej^ctited. interrupt example is NVI, 
and service routine will use lagistem WD , R2, and R3. 

A. B, C = Addresses in memory 

I - Instruction 

D = Data Item 

J. K = Addresses of service routine code and data 

F = Flag control vwjrd 

X = Don't care 



ftSMffWJlM Biceptlom 'Processing Sequence 
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B. Status after Interrupt is Acknowledged!' NextlnsMcflonMchwilllseatJ.Thatinstructtonwtll save R1,R2, and R3atK. 
The next instruction will copy the identifier into R1. 



A, B, C = Addresses in memory 
I = instruction 

D = Data Item 

J. K = Addresses of service routine code and data 
F = Flag control word 
X = Dontcare 



Figure 2i4k4S :Bie«pM(m Pnefea i wt nf S^ucinee (Cent) 




C. Satus Pfipr to Eiadctf lotewpl: 'OwWtt InstrupUon .wi^^ instmction wiH return. 



A. B, C = Address in memory 
I = Instnjction 
D = Data Item 

J, K = Addresses of service routine code and data 

F = Flag control word 
X = Don't care 



Rgiire 2.4.4.2 Exception Processing Sequence (Cont.) 
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LDM Kt, Rt. 3 



J + I 
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NVI 

SERVICE 
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K + 2 
K -f 4 



0(1) 
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T 



D. Status after Return from Interrupt: Next instruction fetch will be 1(2) at C + 4. 



A, B, C ^ Addresses in memory 

I ^ instruction 

D = Data Item 

J, K = Addresses of service routine code and data 

F = Flag control word 

X = Don't care 



Hgure 2.444,aiBetitB|i ftacBS^^a f Si cquwi PB (Cant) 



2.4.5 AmZSOOl and AmZ8002 Exception ProetwMng 

The Ammoi always handles ihtenxipt and tinp pFsieessinf % 
entering the segmented system nnrede, regardte^^tte F&/ 
control bit settings for these two modes, figure 2AS.t Strnts 
the format of the saved program status in tfie system for 
both the AmZ8001 and AmZ8002, requfrtng '%ur and three 
words, feispe^e^, of system ateck spate: ; 

The status loaded from the NPSA (new FCW) determines the 
operating mode for exception handling. To return from the 
interrupt routine the Interrupt Return instruction (IRET) is used. 
It functions according to the present operating mode set up in 
the Interrupt routine (segmented or nonsegmented). If the new 
FCW placed the AmZ8001 in nonsegmented mode and no 
subsequent change occurred before IBEI,4tien the IRET will 
function as an AmZ8002 IRET; three wordl'will be popped off 
the^i^sn stack where four |ifi^ pushed on, 'causing an iocor- 
red context switch return. 

Any software which attempts to use the same exception hand- 
ling code for AmZ8002 and AmZSOOl nonsegmented mode 
may encounter this situation. The general solution Is to ensure 
that exception processing Is always performed In segmented 
mode. It done otherwise, It Is the user s responsibility to correct 
the stack before doing an IRET (by moving the FCW up a word 
and adjusting the stack pointer by adding two). 

Figure 2.4.5.2 summarizes the program status areas;, ineluding 
vector codes for the ihteini^ jeectors, for Ixjth ttie.Aa]Z8001 
and AmZ8002. . 



SYSTEM STACK 
POINTER AFTER 
TRAP OR 
INTERRUPT 



SYSTEM STACK 
POINTER BEFORE 
TRAP OR 
INTERRUPT 



IDENTIFIER 



LOW ADDRESS 
SYSTEM SP 
AFTER TRAP 
OR INTERRUPT 



SYSTEM SP 
BEFORE TRAP - 
OR INTERRUPT 



HKSH 
ADDRESS 



PC SEGMENT 



\ 



FlgUI#-^.5.1 Format of Saved Program Status in the 
System St^ck 
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Figure 2.4.5.2 Program Status Area 
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2.5 STATUS LINES 

The AmZSOOO CPU outputs status information over its four status 
lines (ST0-ST3) and the System/Normal line (S/N). This 
information can be used to extend the addressing range or to 
protect accesses to certain portions of memory. The types of 
status information and their codes are listed in Table 2.5. 



i conditions are mutually exclusive and can, therefore, be 
encoded without penalty. Most status definitions are self- 
ei^lanatory. One code is reserved for future enhancements of 
the AtT^SOOo Famiiy. 

Extension of the addressing range is accomplished in an 
AmZSOOO syptem by allocating physical memory to specific 
usage (code vs. dEda space, for example) and using external 
drcuitry to monitor the status lines and select the appropriate 
memory space for each address. For example, the direct 
addressing range of the AmZ8002 CPU is limited to 64K bytes; 
however, a system c^n be configured with 1^8K bytes if additional 
logic is used! say, t6 seled the loWer 64K bytes for program 
references and the upper 64K bytes for data references. 

Protection of memory by access types is accomplished similarly. 
The memory is divided into blocks of locations and associated 
with each block is a set of legal status signals. For each ac- 
cess to the memory, the external circuit checks whether the CPU 
status is appropriate for the memory reference. The AmZSOlO 
Memory Management Unit is an example of an external 
memory-protection circuit, and it is discussed in section 2.2.4. 

The first word in an instruction fetch has its own dedicated status 
code, namely 1101. This allows the synchronization of external 
circuits to the CPU. During all subsequent fetch cycles within the 
same instnjction (the longest instruction requires a total of four 
word fetches), the status is changed from 1101 to 1100. Load 
Relative and Store Relative also have a status of 1100 with the 
data reference , so Information can be moved from prograwi space 
to data space. 



TABLE 2.5 STATUS DECODES 



0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 

1111 



Definition 



Intemal operation 
Memory refresh 
I/O reference 
Special I/O reference 
Segment trap acknowledge 
Nonmaskable interrupt acknowledge 
Nonvectored interrupt acknowledge 
Vectored interrupt acknowledge 
Data memory request 
Stack memory request 
Data memory request (EPU) 
Stack memory request (EPU) 
Instruction space access 
Instruction fetch, first word 
Extension processor transfer 
Reserved 



2.6 MEMORY AND I/O ADDRESSING 

Like most 16-bit microprocessors, the AmZSOOO CPU uses a 
16-bit parallel data bus between the CPU and memory or I/O. The 
CPU is capable of reading or writing a 16-bit word with every 
access. Words are always addressed with even addresses (AO = 
0). All instructions are words or multiple words and are aligned on 
even byte bojundaries of memory. 



The AmZSOOO CPU can, however, also read and write 8-bit bytes, 
so memory and I/O addresses are always expressed in bytes. 
The Byte/Word (B/W) output indicates whether a byte or word is 
addressed (High = byte). AO distinguishes between the upper 
and lower byte in memory or I/O. The most significant byte of the 
word is addressed when AO is Low. Refer to Figure 2.6. 

For word operations in both the read and write modes, B/W = 
Low, AO is simply Ignored and A1-A15 address the memory or I/O. 
For byte operations in the read mode, B/W = High, AO is again 
ignored, and a whole word (both bytes) is read, but the CPU 
internally selects the appropriate byte. For byte operations in the 
write mode, the CPU outputs identical information on both the low 
(AD0-AD7) and the high (AD8-AD15) bytes of the Address/Data 
bus. External hardware must be used to enable writing in one 
memory byte and at the same time disable writing in the other 
byte, as defined by AO. The replication of byte information for 
writes is for current implementation and may change for sub- 
sequent AmZSOOO CPUs; therefore system ^ssigns^hould 'hot 
depend upon this feature. " 

I/O transfers between CPU and I/O devices are pjeformed with 8- 
or 16-bit transfers. I/O devices are addressed with a 16-bit I/O port 
address. (Segment addresses are not involved.) The I/O port 
address is similar to a memory address; however, I/O address 
space is not part of the memory address space. I/O port and 
memory addresses co-exist on the same bus and they are 
c^nguished'^ #ie 'Status outpute. 

Two types of I/O instructions are available: standard and special. 
Each has its own address space. Standard I/O instructions 
include a comprehensive set of In, Out and Block I/O instructions 
for both bytes and words. Special I/O instructions are used for 
loading andMoading the Memory Management Unit. The status 
ouQsuts distinguish between standard and special I/O references. 
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^7 TIMING 

Figure 2.7 shows the three basic timing periods of the 
AmZSOOO: a clock cycle, a bus transaction, and a machine cycle. 
A clock cycle (sometimes called a T-state) is one cycle of the 
CPU clocic, starting with a rising edge. transaction coversii 



single data movement on the CPU bus and will last for three or 
more clock cycles, starting with a falling edge of AS and ending 
with a rising edge of DS. A machine cycle covers one basic CPU 
operation and always starts with a bus transaction. A machine 
cycle can extend beyond the end of a transaction by an unlimited 
n««bfita(gte*^qycl^,) ,v- ■ - . i .r, , r • 
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3.0 ADDRESSING AND DATA ORGANIZATION 

3.1 INTRODUCTION 

Operands ill the AmZSOOO may be part of the instruction, in 
registers, or in memory. In any case they may be bytes, words or 
long words. For operands in memory they may also be addressed 
as strings - sequences of bytes or words up to 64K bytes long. 
The type of operand, byte, word, long-word or string, is deter- 
mined by the instruction. Most instructions have both byte and 
word forms. (The mnemonic for the word form of the instruction Is 
the basic name. The byte form appends a B to the name and the 
long-word form appends an L.) For each instruction there is one 
or more possible address modes used to designate the location of 
the operand. The general form of the various modes and detailed 
descriptions follow later. Addressing modes are also discussed 
in detail. 

3.2 ADDRESSING DATA 

Data can be addressed and stored in the general-purpose regis- 
ters, in memory, or in instructions. Because the registers are 
general-purpose, addresses can also be easily manipulated as 
data. Bottlenecks due to information exchanges between dedi- 
cated data and address registers do not exist. 

3.2.1 Addressing Data in Registers - - 

Instructions refer to data in registers using the R (Register) ad- 
dress mode. The opcode specifies byte, word or long word, and 
the appropriate register or register pair is referenced as Shown in 
Table 2.3.1 and Table 3.2.1. 



3.2.2 Addressing Data in Memory 

Data located in memory is refeirenced by si^yicig In'ttierMiiuc^ 
8oi3 one of the followingf . , ' • . - 



a. The complete address - DA (direct address) mode. 

b. The name of a register or register pair containing the complete 
address - IR (indirect register) mode. 

c. A complete address and the name of a register whose con- 
tents is to be added to the specified address - X (indexed) 
mode. 

d. A displacement and the name of a register or register pair 
containing a complete address to which the displacement 
should be added to that address - BA (base indexed) mode. 

e. The name of a register or pair containing a complete address 
and the name of a register containing a displacement to be 
added to that address - BX (base indexed) mode. 

f. A displacement which is to be added to the Program Counter 
- RA (relative address) mode. 

g. Two registers, one containing the address of the beginning or 
end of a series of data items and the other containing the 
length of the series. Following each iteration of this type of 
instruction the address is changed to point to the next item and 
the count is decremented. This type of addressing is used for 
string manipulation and block I/O. Some instructions use a 
third register which points toasecond string of data items to be 
processed with the first. 



TABLE 3.2.1 DATA ADDRESSING IN REGISTERS 





Register 


Byte Operand 


Word Operand 


Long-Word Operand 


HEX 


Designation 


Name 


Data In 


Name 


Data In 


Name 


Data In 





0000 


RHO 


R0<8:15> 


RO 


RO 


RRO 


D<16:31> In RO 
D<0:15> In R1 


1 


0001 


RH1 


R1<8:15 


R1 


R1 




Reserved 


2 


0010 


RH2 


R2<8:15> 


R2 


R2 


RR2 


D<16:31> in R2 
D<0:15> in R3 


3 


0011 


RH3 


R3<8:15> 


R3 


R3 




Resereed 


4 


0100 


RH4 


R4<8:15> 


FVt 


R4 


RR4 


D<16:31> in R4 
D<0:15> in R5 


5 


moi:,, - 


RH5 


R5<8:15> 


R5 


R5 




Reserved 


6 


0110 


RH6 


R6<8:15 • 


R6 


R6 


RR6 


D<16:31> In R6 
D<0:15> in R7 


7 


0111 


RH7 


R7<8:15 


R7 


R7 




Reserved 


6 


1000 


RLO 


R0<0:7v* 


R8 


R8 


RR8 


D<16;31> in RB 
D<0:15> in R9 


9 


1001 ' 


RLi 


R1<0:7> 


Rg 


R9 




Reserved 


A 


1010 


RL2 


R2<0:7> 


RIO 


RIO 


RRliO 


D<16:31 > in RIO 
D<0:15> in R11 


B 


1011 


RL3 


R3<0:7> 


R11 


R11 




Resened 


C 


1100 


RL4 


R4<0:7 


R12 


R12 


RR12 


I^16:31> In R12 
0<a3:15> In R13 


D 


1101 


RL5 


R5<0:7> 


R13 


R1:3 




Re^rved 


E 


1110 


RL6 


R6<0:7> 


R14 


R14 


RR14 


D<16:31> in R14 
O<0:15> in R15 












R15 in normal mode 




Data in R14' and R15' 


F 


1111 


HL7 


R7<0:7> 


R15 


R15' in system mode 
,{SP for A(T)28002) 


RR14' 


in system mode 
(SP for AmZSOOl) 



(Register quads fire n<» i»K>Wn in (he table.- w» ms^mei as RQO, RQ4, RQ8, and RQ12.) 
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3.2.3 Data Storage in Memory 

Memory address space is viewed to a chain of consecutively 
numbered (in ascending order) bytes, as shown in Figure 3.2.3.1 . 
The number of each byte is its address, and the byte is the basic 
addressable element. A word spans two bytes, and is addressed 
by the address of its high order byte (most significant), with the 
lowest absolute address of the two bytes, which is always an even 
address. A long-word consists of four bytes and is also referred by 
the address of Its high order byte (most significant worGl|,^v(^teh is 
the lowest absolute address of the four bytes. 

Instructions and addresses stored in memory are always 
on word boundaries; they always have even numbered 

"-■"lie. 
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0010 
0011 

'Mob 

0101 
0110 
0111 

ion 

1001 



CONTENTS OF BYTE 0100 "02" 
CONTENTS OF WORD 0100 ■■02AB" 
CONTENTS OF LONG WORD 0100 = ■■02AB2BFF" 
CONTENTS OF LONG WORD 0010 ^ C23502AB 
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Note that Ms format differs from the PDP-11 but is identical to the 
IBM donvehiion. The reason for chSSSing this formatts because 
the AmZSOOO CPU can operate on 32-bit long- words ar^ w\ 
byte and word strings. It is important to Fnaintain a eMnui^ Of 
order when wpqi^air^ipniiislsinated jnto long words and strings. 
MaMiag ascensMngi miigmseies pro^d from the hrgti3st byte of 
the first word to the lowest byte of the last word maintains ttiis 
continuity, and allows comparing and sorting of byte and word 
strings. Refer to Figure . 

String instructions, such as I/O £md blocit compare, refo' to a 
series of bytes or words in consecutive memory locations, 
autolncrement and autodecrement forms of these instructions 
exist,!Sottie string can be scanned^iartii^ ateither end. Thebyte 
form of ttiese instructions modifi^ the address by qpg on fi^T 
iteration to point to the next byte; the word form modMes the 
address by two to point to the next word. 

Bit labeling within a byte does not follow this order. The least 
significant bit in a byte, word or long word is called Bit and 
occurs in the byte with the highest memory address. This is 
consistent with the convention where bit n corresponds to posi- 
tion 2" in the conventional binary notation. This o^^^ng of bit 
numbers is also followed In the registers. 

3.2.4 Data Contained in Inslruelton 

Most inSfttiMans allow anflMpaMite bp 
instrustion iteelf. This isfliBilM(immidiate) 
eraliy, the da^teM^l^^^^ood^ and any 
also part of the insttu^on. 




Figure 3.2.3^ I fe i way JlifclrBarinfl 

■.>- " O-J. : ' 

JprteMe^iitemy coris^ of a 16-bit word, long-word, or a byte. 
%B Ifnghmif Oie mSs signified 16 bits first, then the less 
^nift^r^li ^ in the^^cond word. A byte operand uses a full 
T6-bif word'vinfh me same data In both the upper and lower bytes . 

There are a few instructions which permit Immediate data to be 
located directly in the single 16-bit word which contains the op- 
code, forming a one-word instruction. These include a Load Byte 
instruction, and Increment or Decrement by any Integer from 1 
through 16. 

3.3 MEMORY ADDRESS FORMATS 

A complete memory address may take one of three forms. Refer 

to Figure 3.3. 

3.3.1 NS (Nonsegmented) 

A single 16-bit word which specifies the address in the AniZ8002 

or in the nonsegmented mode of the AmZSOOI. 

3.3.2 SSO (Segmented Short Offset) 

A single 16-bit word in the'form showri having a shortened offset 
address, but Including a segment number. 

This form can address a byte in the first 256 bytes of any segment. 
1<iw» is effeetiveiy «(tsncted to the entire memory space 
' Mhenrthis feAn 1§ us^ Mft the indexed addressing mode. This 
tMTBj ^ffiys ffie 8^ity to aocgsts^ata in any segment of memory 
^iMlfmAwiie^^mMi viW^rlo supply ttte addr^. 
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The short offset segmented address can be used only in direct 
address and induced addressing modes where the address is 
part of the instruction. 

3.3.3 SLO (Segmented Long Offset) 

Two 16-bit words in the form shown completely specifying l)oth 
the 16-bit offset and the 7-t)it segment addresses. 

This fonn can refer directly to any byte in the memory, the won] 
containing the segment always precedes the word containing the 
offset. When a register pair is used to hold this form, the segment 
is in the even numbered register and the offset is in the the odd 
numbered register of the pair. (For example, in RR2, R2 contains 
ttie^segment kri<l l=B ^pnJaiOS tt^^ . ^ , , ^! ' 
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SEGMENT NUMBER 
1 1 1 1 1 1 


SHORT OFFSET 
1 1 1 1 1 1 1 
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SEQMEHT NUMBER 

1 1 1 1 1 1 
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15 









LONG OFFSET 
1 1 1 1 1 1 1 1 1 1 


1 ir 


XT, 



SEGMENTED LONG OFFSET ADDRESS 

Figure 3.3.1 Memory Addressing Formats 

In the general unrestricted case of long offset, the segmented 

address occupies two words, as described before. The most 

significant bit in the segment word is a one in this case. 

The short offset mode squeezes ttie segment number and offset 
into one word, saving program size and execution time. Since 23 
bits obviously do not fit into a 16-bit word, the eight most signifi- 
cant bits of the offset are omitted and implied to be zero. The most 
significant bit of the address word is made zero to indicate short 
offset mode. Short offset addresses are thus limited to the first 
256 bytes at the beginning of each segment. At first this may 
appear to be a restriction, but it is very useful when used with the 
index mode, where the index register can always supply the full 
16-bit range of the offset. Short offset saves one instruction word 
and speeds up execution by two clock cycles in direct address 
mode and three clock cycles in indexed mode. - - 

3.4 SEGMENTED ADDRESS FORMATS 

Figure 3.4 shows the format for segmented addresses. 

3.5 DATATYPES 

Operands are 1 , 4, B, 16, 32 or 64 bits, as specified by the 
instruction* In addition, strings of 8- or te^bit data can be manipu- 
lated by single instructions. Of particular interest are the in- 
creased precisions of the arithmetic instructions. Add and Sut>- 
tract instructions can operate on 8-, 16-, or 32-bit operands; 
Multiply instructions can operate on 16-bit or 32-bit multiplicands; 
and Divide instructions can operate on 32- or 64-bit dividends. 
Ttie Shift instructions can operate on 8-, 16-, and 32^Wi^lMi%'' 



Figure 3.4 Segmemed Address Forinats 
3.6 ADDRESS MODES 

In addition to supporting the primitive operands of bits, digits, 
bytes, 16- and 32-bit integers, and byte and word strings, the 
AmZSOOO CPU's rich set of addressing modes supports high- 
level data constructs such as arrays, lists, and records. These 
combine with powerful instructions to significantly extend the 
capabilities of microprocessors. 

The address mode for a given instruction is determined by certain 
bits in the instruction, as shown in Figure 3.6.1 . Refer to the format 
and decoding sections ^ the irtstruction set organizertion chapter. 
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F%ure 3^6.1 Decoding Address Modes 



The foHewing pages describe completely the operaticin tif ^eac^ 
address mode. Refer also to Figure 3^6.2. , 

3.&.1 Register Mode (R) 

The operand used byitiB' instnicHon- ts-loealed 'in-a^ganeral* 
purpose register. tleJastiM^n.£|^(^^.theJ^ 
operand (Me. word or tong-vmrcQ and a 4-bit field in the instruc- 
tion designate 9te intended re^ster. 



3.ft2 mitm Raster (IR) 

Thf Mp^Pil^^l^ignaites a generaHtuiftose registw; conteMs 
of the des^riaied i9siM^eu«witthe eperi»i(H^ 
ad(kess of the operand. The AmZBObi dasis writh &-bk seg- 
mented addresses and hence a register pair is designated by the 



iimiucliMH^ seisnnMlad mode). The first register contains the 
TgfMt sng m o B H iuBi&BMaid the second fegister contains the 16-bit 
ofteet. Any general-purpose register pair e^iept RRO can be 
designated for tNs addressir^ mode. The AmZ8002 requires 
only t6H3it addresses and h^ce any general-puifM»rragf8l# 
eAeiat:«1W*M«'l»^ designated for IR addressing medK (SeMEr 
exceptions to this are noted in the instruction set description. See 
also Autoincrement and Autodecrement.) 

J Direct Address (DA) 

The Instruction Itself explicitly specifies an address and the 
operand used by the Instruction is located at that address. In the 
AmZSOOl , direct addres!e^i^«w!^ftf<d^ (xnepf tiiwp formats - 
long offset and short offset, ran^^gf Mad, tha'nfamory wdrdf 
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The content of the location whose 
address is in the instruction. 
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Index 
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The content of the Jocation whose 
address is the address in the 
instruction, offset by the conj^^ 
of the worthing register.. ,. , 
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The content of the location whose 
address is the content of the program 
counter, offset by the^isplacement in 
the instruction. 
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DSPLACEliENT ' 







The content of the location whose 
address is the address in the 
register, offset t>y the 
displacement in the instruction. 
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The content of the location whose 
address is the address in the 
register, offset by the 
displacement in the register. 
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immediately fbiiowing the Instruetton opcode word contains the 
7-blt segment number, and Hie memory word immediately fol- 
lowing the segment number word is the 16-bit offset. For the short 
offset, the memory word immediately following the instruction 
opcode word contains both 7-bit segment number and 8-bit 
offset. In the AmZ8002 the memory word immediately foltowing 
the instruction opcode word contains the 16-bit address. 

3.6.4 Immediate Mode (IM) 

The instruction itself contains the operand. In certain short in- 
structions the operand and opcode are in one word. In general, 
the operand is in the last word or words of the instruction. Byte 
operands are repeated in tx>th halves of the word. 

3.6.5 Indexed Mode (X) 

The instruction designates a 16-bit general-purpose register as 
the index register. Any general-purpose register except RO can 
be used as the index register. The instruction also specifies an 
address as in the direct address mode. In the AmZ8001 the 16-bit 
contents of the designated index register are added to the 16-bit 
offset value specified in the instruction. Both index and offset are 
treated as 16-bit unsigned integers and any carry from the most 
significant bit position during this addition is ignored. The result- 
ing 16-bit sum together with the 7-bit segment number specified in 
the instruction is used as 23-bit segmented address. The operand 
will be located at this address in memory. If short addressing 
offset is used in the AmZSOOl for indexed addressing mode, the 
memory word immediately following the instruction opcode word 
contains both a 7-bit segment number and an 8-bit offset. 

A 16-bit unsigned integer is formed whose least significant byte is 
the 8-bit offset specified and most significant byte is zero. The 
16-bit word thus formed is added to the 16-bit unsigned integer 
contained in the designated general-purpose register. Any carry 
from the most significant bit position during this addition is ig- 
nored. The 16 bits resulting from this addition together with the 
7-bit segment number specified is the 23-bit address. The 
operand will be located in the memory at this address. 

In the AmZB002 the memory word immediately following the 
instruction opcode word contains a 16-bit address. This unsigned 
integer is added to the 16-bit unsigned integer located in the 
designated index register. The carry from the most significant bit 
position during this addition is ignored. The resulting 16-bit ad- 
dress is where the operand is located in the memory. 

3.6.6 Base Address Mode (BA) 

The instruction designates a general-purpose register as the 
base address register. In the case of the AmZSOOl the instruction 
designates a register pair such that the 7-bit segment number is 
contained in one register and the 16-bit offset is contained in the 
other as shown. In the case of the AmZ8002 the designated base 
address register contains a 16-bit address. Any general-purpose 
register except RO or register pair except RRO can be designated 
as the base address register. The memory word immediately 
following the instruction opcode word contains a 16-bit displace- 
ment. Both displacement and base address are treated as un- 
signed binary integers. The 16-bit displacement is added to the 
16-bit base address (16-bit offset in the AmZSOOl) and carry 
occuring from the most significant bit position during this addition 
is ignored. The resulting 16-bit value (together with the segment 
number of the base address in the AmZ8001 ) is the address of the 
operand in memory. 

3.6.7 Base Indexed Mode (BX) 

The instruction designates a general-purpose register (register 
pair in AmZ8001 ) as the base address register. The instruction 
also designates a 16-bit general-purpose register as displace- 



ment. Any general-purpose register except RO (AmZ8002) or any 
register pair except RRO (AmZSOOl ) can be used as the base 
address register. Similarly any general-purpose register except 
RO can be used as the displacement register. Both base address 
and displacement are unsigned integers. 

The 1 6-bit displacement is added to the base address (or offset of 
the base address in AmZSOOl) and cany from the most signifi- 
cant bit position during this addition is ignored. The 16-bit result 
(together with base address segment number) is the address of 
the operand in memory. 

3.6.8 Relative Address (RA) 

The instruction itself contains a displacement. This displacement 
is a signed integer using two's complement notation. The number 
of bits allocated to represent the displacement depend on the 
instruction where relative addressing mode is available. The dis- 
placement is sign extended appropriately to obtain a signed 16-bit 
displacement. The sign extended displacement is added to the 
16-bit program counter (PC offset in AmZSOOl). Carry from the 
most significant bit position during this addition is ignored. As 
soon as the instruction using the relative address mode is 
fetched, the PC will be updated. Hence, the updated PC value 
(i.e., address of ttie following instruction) will be used for address 
calculations. 

The 16-bit value obtained 1^ adcHng the PC and displacement 
(together with the segment numt>er in AmZSOOl ) is the address of 
the operand in memory. 

3.6.9 Autoincrement and Autodecrement 

These two implied addressing modes are only used in string 
manipulation instructions. These addressing modes are a varia- 
tion of the IR addressing mode. The instruction designates a 
general-purpose register (or a register pair in AmZSOOl ) whose 
contents are used as the address. After fetching the operand the 
contents of the register are incremented or decremented de- 
pending on Autoincrement or Autodecrement. In the case of the 
AmZSOOl , only the register containing the offset is affected and 
any carry resulting from this operation is ignored. For byte opera- 
tions, incrementing or decrementing by one occurs. For word 
operations , incrementing or decrementing by two tal^es place. RO 
and RRO can be designated in the IR addressing mode for the 
autoindexing instruction. 

3.6.10 Port Addressing Modes 

Input/output transfers between CPU and I/O devices are per- 
formed with 8- or 16-bit transfers. The address of the I/O ports is 
similar to a memory address in that they coexist on the same bus; 
however, they are in separate address spaces distinguished by 
the status oi^ts. 

I/O devices are addresses with a 16-bit I/O port address. Seg- 
ment addresses are not involved. Two types of I/O instructions 
are supported with separate I/O spaces distinguisfied by the 
status outputs. These instructions use two types of port addres- 
sing modes; 

Port register (PR): The instruction designates a general-purpose 
register (never a register pair) which contains the port address 
(similar to IR memory addressing mode). 

Port Address (PA): The instruction contains an explicit port ad- 
dress word which specifies the I/O port address (similar to DA 
memory addressing mode). 

The autoindexing versions of the I/O instructions combine port 
register port addressing witti the Indirect register memory ad- 
dressing mode. 
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4.0 INSTRUCTION SET ORGANIZATION 



4.1 INTRODUCTION 

The AmZSOOO offers an abundant instruction set tfiat represents 
a major advance over its predecessors. The Load and Exchange 
instructions have been expanded to support operating system 
functions and conversion of existing microprocessor programs. 
The usual Arithmetic instructions can now deal with higher- 
precision operands, and hardware Multiply and Divide instruc- 
tions have been added. The Bit Manipulation instructions can 
access a calculated bit position within a byte or word, as well as 
specify the position statically in the instruction. 

Ttie Rotate and Shift instructions are considerably more flexible 
than those in previous microprocessors. The String instructions 
are useful in translating between different character codes. Spe- 
cial I/O instructions are included to manage peripheral devices, 
such as the Memory Management Unit (AmZSOlO), that do not 
respond to regular I/O commands. Multiple-processor configura- 
tions are supported by special Instructions. 

The following instructions exemplify the innovative nature of the 
AmZSOOO instruction set. A complete list of AmZSOOO instructions 
can be found in the Instruction Set section. 

Uoad and Exchange Instructions 

Exchange Byte (EX) is practical for converting Z-80, 8080. 6800 
and other microprocessor programs into AmZSOOO code, be- 
cause the AmZSOOO uses the opposite assignment of odd/even 
addresses in 16-bit words. 

Load Multiple (LDM) saves n registers and is useful for switching 

tasks. 

Load Relative (LDR) loads fixed values from program space Into 
data space. 

Arithmetic Instructions 

Add With Carry and Subtract With Carry (ADC. SBC) are con- 
ventionally used in 8-bit microprocessors for multiprecision 
arithmetic operations. These instructions are rarely used with 
the AmZSOI^O CPU because it has 16- and 32-bit arithmetic 
instructions. 

Decrement By N and Increment By N (DEC, INC) are intended for 
address and pointer manipulation, but can also be used for Quick 
Add/Subtract Immediate with 4-bit nibbles. The flag setting is 
different from Add/Subtract instructions - as is conventional - in 
that the Carry and Decimal Adjust flags are unaffected by the 
Increment and Decrement instructions to support multiple pre- 
cision arithmetic. 

Decimal Adjust (DAB) automatically generates the proper 2-digit 
BCD result after a byte Add or Subtract operation, and eliminates 
the need for special decimal arithmetic instructions. 

Multiply (MULT) provides signed (two's complement) multiplica- 
tion of two words, generating a long-word result; or of two long- 
words generating a quadruple word result. No byte multiply exists 
because it is rarely used and, after sign extension, can be per- 
formed by a word multiply. 

Divide (DIV) provides signed (two's complement) division of a 
long word by another word, generating a word quotient and a 
remainder word; or of one quadruple-word by a long-word, 
generating a long-word quotient and long-word remainder. 

Both Multiply and Divide use a conforming register assignment. 
That is. a multiply followed by a divide on the same registers is 
essentially a no-op. The register designation used in the operat- 
ing description must be even for word operations and must be a 
multiple of four for long-word operations. ir; 



Logical Instructions 

Test Condition Code (TCC) performs the same test as a Jump 
instruction, but affects the least significant bit of a specified re- 
gister instead of changing the PC. 

Program Control Instructions 

Call Relative (CALR) is a shorter, faster version of Call, but with a 

limited range. 

Decrement And Jump^W NW-Zerb (DJN^ is a 'one-word basic 

looping instruction. 

Jump Relative (JR) is a shorter, faster version of Jump, but with 
limited range. * 

Bit Manipulation Instructions 

Test Bit, Reset Bit, Set Bit (BIT, RES, SET) are available in two 
forms: static and dynamic. For the static form, any bit (the posi- 
tion is defined in the immediate word of the instruction) located in 
any byte or word in any register or in memory can be set, reset or 
tested (inverted and routed into the Z flag). 

For the dynamic form, any bit (the position is defined by the 
content of a register that is, in turn, specified in the instruction) 
located in any byte or word in any.registerit)ut not in mernoty, can 
be set, reset or tested. 

Test And Set (TSET) is a read/modify/write instruction normally 
used to create operating system locks. The most significant bit of . 
a byte or word in a register or in memory is routed Into the S flag bit 
and the whole byte or word Is. fien set to all ls. During this 
instru^on, Vm processor does :nQt relinquish^e bus. 

Test Miiltl'Mien) Bit arid MuW-Micro Request/Set/Reset <MB1T, 
MREQ~; MSET, MRCS) are used to synchronize the acc£^ by 
multiple microprocessors to a shared resource, such as common 
memory, bus, or I/O device. 

Note that the instrvcttcm MREQ; (Multi-Micropro cessor Request) 
has nothing whatsoever in cotnrhon with the MREQ (Memory 
Request) output from the AmZSOOO CPU. 

Rotate and Shift Instructions 

The AmZSOOO CPU has a complete set of shift instructions that 
shift any combination of bytes or words, right or left, arithmetically 
or logically, by any meaningful number of positions as specified 
either in the instruction (static) or in a register (dynamic). 

The CPU also has a smaller repertoire of rotate instructions that 
rotates bytes or words, either right or left, through carry or not, and 
by one bit or by two bits. 

The instructions Rotate Digit Left and Rotate Digit Right (RDLB, 
RRDB) rotate 4-i»t BCD digits right or left, and are used in BCD 
arithmetic operations. 

Block Transfer and String Manipulation Instructions 

Translate And Decrement/Increment (TRDB, TRIB) is used for 
code conversion, such as ASCII to EBCDIC. These instructions 
translate a byte string in memory by substituting one string by its 
table-lookup equivalent. TRDB and TRIB execute one operation 
and decrement the contents of the length register; thus they are 
useful as part of loop performing several actions on each 
character. 

Translate. decrement/Increment and Repeat (TRDBB, TRIRB) 
are the same as TRDB and TRIB, except they repeat automati- 
cally until the contents of the length register become zero. They 
are tU^efore useful in straightforward translation applications. 



Translate And Test, Deerement/lncrement (TRTDB, TRT1B) test 
a character »xoftitrig to the contents of the translation table. 

Translate And Test, Decrement/Increment And Repeat 
(TRTDRB, TRTIRB) scans a string of characters. The first 
character is tested and, depending on the contents of the transla- 
tion table, the process stops or skips to the next character. Stop- 
ped characters can be used for further processing. 

I/O and Special I/O Instructions ' ^ 

The AtftZBde& €PtitHi6 csoAptetS »^ isf IAd>'m8tM^ 
tions: Standard I/O and Special I/O. The only difference is the 
status information on the ST0-ST3 outputs. 

Standard I/O instructions are used to communicate with 
AmZSOOO bus compatible peripherals. Special I/O instructions 
are typically used for communicaling with the Memoiy Manage^, 

ment Unit. 

Both types of instructions transfer eight or 16 bits and use a typ«F- 
of 16-bit addressing analogous to the AmZ8002 memory- 
addressing scheme: For word operations, AO is always zero; in 
byte-input operations, AO is used internally by the CPU to select 
the appropriate byte; in byte-output operations, the byte is dupli- 
cated in the high and low bytes of the address/data^ bus, and 
external logtc uses fi^'to emito the appropriate output device. 

4.2 INSTRUCTION FORMAT 

The CPU instructions are one to five words long, depending on 
the type of instruction and addressing mode. Instructions are 
located in memory and must be word aligned. The first word of an 
instruction always contains the opcode. Depending on the ad- 
dressing mode, one or more words will follow the opcode word of 
an instruction. Figure 4.2 illustrates the general instruction word 
format. Some instructions contain fields that differ from the 
generalized format shown. All such variations can be ascertained 
by referring to the individual instruction descriptions found in later 
sevens of this document. 

4.3 INSTRUCTION DECODING 

The Mode Field (bit 14 and bit 15), together with bits 12 and 1^ M' 
bits4, 5, 6 and 7, determines the applicable addressing mode. Bit 
8 of the opcode word specifies word or byte operand whenever 
appRcable. Sils 4, 5, 6 and 7 FKuinally designate a general- 
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purpose register. Note-theft When designating a iiegister pair, bit 4 
must tie zero and only 5, 6, and 7 are used. Refer to Figure 4.3. 

For Register mode of addressing there are no restrictions on the 
values of bits 4, 5, 6 and 7. Only the made .field is needed to 
specify this addressing mode for any general-purpose register. 
However, for IM, RA and OA dEH^ressing liiodes', blts'4i 5, 6 and 7 
mustall lie zefjeB^EsfpilHeaeadEkrissing nrades, zeroes in bits 4,5. 
6'mi9c0milBt'MB^feM mgenersi-purpose register number 
zei&.'^Mariy; ferlR.-SlIt, X and BX addressing modes, bits 4, 5, 
6 and 7 cannot be zero. In other words, general-purpose register 
numt>er zero cannot be used in these addressing modes. It 
should be emphasized thai if a register pair is needed for these 
addressing modes, bit 4 is always zero and the non-zero re- 
quirement applies to bits 5. 6 and 7 (See also Section 5.2.4.) 

4.4 SEGMENTED AND NONSEGMENTED MODES 

In Wm AffiZaOQZ addresses are completely cOniitSljl flt^^if^ 
IMtt «erd. The A>ffi8O01i«iises a segment and act oKSet, require 
IngitiMKwoids to>(S)ntainJlie ^-t>if segmented addK 

A^''4y^1Slitn|iiiiris ^fiait(4 both segrtiented and ponsegmented 
teiftllS;''tfe'^»J- liferShce is the address references. The 
Ani^BOOl has hotti segmented and nonsegmented modes of 
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Address Mode 



Address, When Present 



BiU 15, 14 


Bits 13, 12 


Bits 7, 6, 5, 4 


Mode 


00 


Not 11 





IM 


00 


Not 11 


Not 


IR 


00 


11 





RA 


00 


11 


Not 


BA 


01 


X 





DA 


01 


Not 11 


Not 


X 


01 


11 


Not 


BX 


10 


X 


X 


B 


11 


X 


X 


^xidal* 



'Used for short one-word instructions. 



Word/Byte 



BUS 


Mode 





Byte 



Displacement 

— . 'M,-u^r>y-.-*.4t ' , 


16-Bit Word 


Nonsegmented Address 


16-Bit Word 


Segmented Short Offset 


+ 7-Bit Segment + 8-Bit Offset 


Segmented Long Offset 


First Word: 1 + 7-Bit Segment 

-1- 8-Bit Unused 

Second Word: 16-Bit Offset 



Immediate Dataj Wlwn Present 



Byte- 


: ame BylSiinBBlh Halves ofWbrd 


Word 


16-Bit Word 




First Word: Bits 16:31 of Operand 



' Flgiii»4^ instrucHon DacocHng 
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operation. The segment bit (15) of the FCW is used to enable the 
segmented mode. In the nonsegmented mode the AmZ8001 
emulates the AmZ8002 so that code assembled for the nonseg- 
mentfd AiD^pOQZ will exepute op the segmented AmZ80Q1. 

Since the hardware wii te designed for the segmented proces- 
sor, the AmZBOOl will continue to supply segment addresses 
even though the instructions do not contain them. The segment 
number address will t>e whatever it was prior to the switch to the 
nonsegmented mode. All memory accesses will be in the PC 
segment space. 

Refer to section 2.2.3 for a general discussion of segmented 
memory addressing. Refer to Table 4.4 to see the distinctions of 
segmented and nonsegmented modes with respect to thp ad- 
dressing modes and the number of instruction word; 



4.5 CONDITION CODES 

The Condition Code (CC) is a 4-bit field in some instructions that 
specifies certain flag settings. The operation performed by the 
instruction is in most cases determined by the outcome of com- 
paring the actual flag settings with that specified by the CC field. 
Instructions that specify CC field include conditional jumps, return 
from subroutine and block/string manipulating instructions. The 
Condition Code definitions consist of true and false settings of the 
C, Z and P/V flags, signed and unsigned comparisons as shown 
in Table 4.5. One of the CC values specifies unconditional combi- 
nations in which flag settings are ignored. 

4.6 INPUT/OUTPUT INSTRUCTIONS 

A set of input/output (I/O) instructions is provided to perform 16-bit 

or 8-bit tran^fprs including blocl< transfers between the CPU and 
: Output devices are addresses using a 16-bit 
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Nonsegmented Mode 


Segmented Mode 






AmZ8002 


AmZ8001 


AmZBOOl 


PC, SP and NPSAP 


Standard 


Segmented 


Segmented 


IR 


Address Register 


Rn 


Rn 


RRn 


DA 


Address Field 


Word 


Word 


Word (SSO), Long Word (SLO) 


X 


Address Reld 

Displacement (Index) Register 


Word 

Rn 


Word 
Rn 


Word (SSO). Long Word (SLO) 

Rn 


BA 


Displacement Field 
Base Address Register 


Word 
Rn 


Word 
Rn 


Word 
RRn 


BX 


Base Address Register 
Ciisplacemetjt (fndex j Register 


Rn 
Rn 


Rn 


RRn , .: 
Rn ', ' , 


RA 


Dispacemenf 


Word 


Wont : 


Word ; 



•JR, CALR, DBJrc, displacement field <16 bits. 



TABLE 4.5 CC - FIELD DECODING 





Assembler 






Flag Settings 


CC Field 


Notation 


Meaning 




for CC True 


.1110 


NZ 


Not Zero 




Z = 


Olio 


ZR 


Zero 




Z = 1 


1111 


NC 


No Carry 




C = 


0111 


CY 


Carry 




C = 1 


1100 


PC 


Parity Odd 




P'V = 


0100 


PE 


Parity Even 




PV ' 1 


1101 


PL 


Plus 




3 = 


0101 


Ml 


Minus 




S = 1 


1110 


NE 


Not Equal 




Z - 


0110 


EQ 


Equal 




z = 


1100 


NOV 


Overflow is Reset 




P/V = u 


0100 


ov 


Overflow is Set 




PW ' 1 


signed Comparisons 


1001 


GE 


Greater Than or Equal 




S ® PA/ = 


0001 


LT 


Less Than 




S ® P/V = 1 


1010 


GT 


Greater Than 




Z t (S ® PA/) = 


0010 


LE 


Less Tlian or Equal 




Z + (S ffi PA/) = 1 


Unsigned Comparisons 


1111 


LGE 


Logical Greater Than or Equal 




C - 


0111 


LLT 


Logical Less Than 




C = 1 


1011 


LGT 


Logical Greater Ttian 




(C = 0) • (Z = 0) = 1 


0011 


LLE 


Logical Less Than or Equal 




C + Z = 1 


1000 




UrKX3ndltional (Always True) 







Notes: • = AND -i- = OR e = EXCLUSIVE OR 
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address called "port address". Conceptually, the port address is 
very similar to a memory address. Logically, however, port ad- 
dress space Is not a part of the memory address space. Although 
memory and port address Information Is physically transmitted on 
the same bus lines in hardware, means are provided to distin- 
guish memory addresses from I/O addresses (using status output 
lines supplied by the CPU). Port address generation uses the 
same methodology that is used to generate operand addresses in 
the nonsegmented CPU using IR and DA addressing mpdes. In 
the Instruction Set section these are designated as PoitllegWter 
(PR) and Port Address (PA) addressing modes. , 

Two typeset I/O instructions are avalable - "standard I/O" and 

"special I/O". The address 'Space used by ttie spedal I/O is 

logically separatis tmm'iifmsimm4yQ. ■Bfmm <mmmss 

space cem be dtei)riguls>ieetiMiiesti^^ 

static oQtptit Uras^iont'tteGm^. They iui Iritindeiiil! %i^ts@m^ 

rnunicatirig witt)'^ MemorsrMsHiageinerittti^^^^ llie I/O mstruc- 

tiorK not orily to transfer stagle i|Kin^t»i^ 

also blocks of data from contiguous memory locations^ 

4.7 INSTRUCTION PREFETCH (PIPELINING) 

Most instructions conclude with two or three clocl^ cycles being 
devoted to internal CPU operations. For such instructions, the 
subsequent instruction-fetch machine cycle is overlapped with 
the concluding operations, thereby improving petfOrmanbe by ' 
two or three clock cycles per Instruction. 

Examples of instructions for \whiGh ttie subsequenf instructien is 
fetched while they complete are Arithmetic and Shift instructions. 

Some Instructions for which the overlap is logically impossible are 
the Jump instructions (because the following instruction location 
has not been determined until the Instruction completes). Some 
instructions for which overlap is physically Impossible sem^^ ; 
Memory Load instructions (becauSelhg memory Is busy wiVi the~ ' 
current instruction and cannot service the fetch of the succeeding 
instruction). 

4.8 EXTENDED INSTRUCTIOtt-PROCESSING 

The Art^SOOO 2Miehitecture has n-n^ec^ianlsm for extending.tt)^,^^ 
basic iristrueti^nsMthioiigtrtheiise^'externat devices. SinAeial 
opcodes hav^ been sm aiide to irnpiement this feature. When the 
CPU encounters Instructions with ttiese opcodes in its Instruction 
stream, it will perform any indicated address calculation and data 
transfer, but otherwise treat the "extended instruction" as being 
executed by the external device. Fields have been set aside in 
these extended Instructions which can be interpreted by external 
devices (called Extended Processing Units - EPUs) as opcodes. 
Thus, by using appropriate EPUs, the instruction set of the 
AmZSOOO can be ^dsnded te include speotalized Instructions. 

In general, iimEfHJ is ^MMed to peiformir^ complex and If trie' _ 
consume te@ks in okmM-u^imiea Vek 6PU- Typical tasks 
suitable for ^aciaHziili Include fleating-poirTt arithmetic, 
data base search mdfWSHSnSSSB <3^er§^^, fietwork Inter- 
faces, graphics support operations - a @ompiete list would in- 
clude most areeis of computing. EPUs are genenslly deagned io 
perform their t^ks of\ datlirrgsi^^t in their internal registers. 



Moving information Into and out of the EPU s internal registers, as 
well as instructing the EPU as to what operations are to be 
performed, is the responsibility of the CPU. 

For the m^BOtiii S^!; e*trSy the EPUs takes tfiS4bltewl?§ 
form. The AmZSOOO CPU fetches Instructions, calculates the 
addresses of operands residing in memory, and controls the 
movement of data to and from memory. An EPU monitors this 
activity on the CPU's AD lines. If the Instructions fetched by the 
0}^en(tedlnstrac$»i&^l EPUs and the CPU latch the 
inStliWi^'cM^'^nSf c^erent EPUs controlled by 

one OfU). H the insfi^ucfen is t&lle executed by a particular EPU, 
both the CPU and the indteated EPU will be Involved in executing 
the instruction. 

If the extended instruction indicates a transfer of data between 
the EPU s internal registers and the main memory, the CPU will 
calculate the memory address and generate the appropriate tim- 
ing signals (AS, DS. MREQ. etc.), but the data transfer itself is 
between the memory and EPU (over the AD lines). If a transfer of 
data between the CPU and EPU Is indicated, the sender places 
the data on the AD lines and the receiver reads the AD lines 
during the next clocl< period. 

If the extended instruction indicates an internal operation to be 
performed by the EPU , the EPU begins execution of that tasl< and 
the CPU is free to continue on to the next instrucion. Processing 
then proceeds simultaneously on both the CPU and the EPU until 
a second extended instruction is encountered that is destined for 
the same EPU (if more than one EPU is in the system, all can be 
operating simultaneously and independently). If an extended in- 
struction specifies an EPU still executing a previous extended 
instruction, the EPU can suspend instruction fetching by the 
AmZSOOO CPU until it is ready to acc ept the next extended 
instruction: the mechanism for this is the STOP line, which sus- 
_^rKte^PU activity duing the instruction fetch cycle 

There are four types of extended instructions in the AmZSOOO 
CPU instruction repertoire; EPU internal operations; data trans- 
fers between memory and EPU: data transfers between EPU and 
CPU ; and data transfer between EPU flag registers and CPU flag 
and control word. The last type is useful when the program must 
branch based on conditions determined by the EPU. Six opcodes 
are dedicated to extended. instructions: OE. OF. 4E. 4F, 8E and 
SF (in hexadecimal). The action taken by the CPU upon encoun- 
tering these instructions is dependent upon an EPU control bit in 
the CPU's FCW. When this bit is set, it indicates that the system 
configuration includes EPUs; therefore, the instruction is exe- 
cuted. If this bit is clear, the CPU traps (extended instruction 
trap), so that a trap handler in software can emulate the desired 
operation. 

In conclusion, the major features of this capability are. that multi- 
ple EPUs can be operating in parallel with the CPU, that the five 
main CPU addressing modes (Register, Immediate, Indirect Re- 
gister, Direct Address, Indexed) are available in accessing data 
for the EPU; that each EPU can have more than 256 different 
instructions; and that data types manipulated by extended in- 
structions can be up to 16 words long. 

The extended processing instructions are included in Section 5.8 
following the general ins^ction'^ges. 
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5.0 INSTRUCTION SET DETAILS 

5.1 INTRODUCTION 

This chapter provides detailed descriptions of the AmZ8001 and 
AmZ8002 instruction set. The instructions are listed by mnemonic 
in alphabetical order on the following pages. 

The reader is referred to previous chapters for descriptions per- 
taining to items indicated on the detailed instruction pages, such 
as addressing modes, register designations, instruction format 
and decoding, flags and condition codes, system and normal 
instructions, and segmented and nonsegmented modes. The 
extended instructions discussed in previous sections are listed 
immediately following the detailed instruction pages. 

Information regarding details of the instructions is given in the 
next sections. This includes a description of the assembler syntax 
shown used, a l<ey to the instruction pages, and a summary of 
architectural data for qukk reference in understanding these 
details. 



5.2 INSTRUCTION NOTATION AND ENCODING 

The details for each general instruction on the following pages 
begin at the top of the page with the mnemonic and name of the 
Instruction. A generic assembler statement for the instruction is 
shown. Also, system-only instructions are indicated, and in some 
cases, a reference to a similar instruction is indicated. 

Below this information and to the right is given the operation 
which the instruction implements and a detailed verbal 
description of the instruction. Where necessary, a discussion of 
assembler notation is also given. At the bottom of the page the 
operation of the flags is given showing which flags are set. 
cleared, unaffected, or conditionally changed. The conditional 
changes are defined. 

The left section of the page shows each specific form of the 
general instruction. This includes all available addressing modes 
and gives the format for both segmented and nonsegmented 
versions. Both segmented short offset and segmented long offset 
formats are given. Each specific form indicates the binary 
machine code with variable binary operand fields defined. Above 
the machine code representation is shown the specific assembler 
language syntax for that form. Also shown to the right of the 
machine code is the number of clocks required for execution of 
the instruction for that addressing mode. 

5.2.1 Instruction Mnemonics 

Each instruction page is listed by mnemonic in alphabetical order. 

Instructions with byte, word, and long word data operands are 
described on separate pages. The mnemonic suffix "B" refers to 
a byte instruction, the suffix "L" refers to a long word instruction, 
and no suffix designates a word instruction. An example is the 
Shift Dynamic Logical instruction: SDLB, SDLL, and SDL, re- 
spectively. For some instructions, a data size either is not appli- 
cable or depends on the segmentation mode; here, the 
mnemonic does not have a suffix to indicate data size. 

Some instructions have the relative address (RA) addressing 
mode. These are indicated with a mnemonic suffix "R." An exam- 
ple is LOAD Word into Register, LD and LOR. Note that the 
relative form is included on tfie general instruction page (LD) as 
well as being listed on a separate page (LDR). 

The letter "R" is also used in the mnemonics to denote a repeat 
version of an autoindexing instruction. An example is the instruc- 
tion INPUT Word from I/O Port to Memory, Autoincrement and 
Repeat (INIR). 



5.2.2 Instruction Encoding 

The binary encoding of the instruction is given for both seg- 
mented (including SSO and SLO where applicable) and non- 
segmented versions for each addressing mode. Fields specifying 
register operands, such as "Rbs," RRd," etc. and other 
operands, such as "n," are similar to the assembler language 
syntax description of the instruction. The binary encoding for the 
register fields is repeated as Table 5.5.1. Some restrictions on 
register fields are noted in the following sections. 

In the case of nonsegmented instructions the designation "AD- 
DRESS" is used to indicate a 1 6-bit binary address. In the case of 
segmented mode instructions the address fields are designated 
as "SEGMENT" and "OFFSET." In some RA and BA addressing 
mode instructions "DISPLACEMENT" indicates a binary field 
containing a displacement supplied by the assembler from the 
label (address), displacement, or index specified in the assem- 
bler language syntax. Other fields specify condition codes 
("CC"), number of or location of bits or shift positions ("b" or "h"), 
or flags ( "C ", "Z", "8", "PV", "V", "N", etc). 

These and other notations are defined in following sections. 

Note from Figure SSA t^at#lt,ei9.ht of tie opcode distinguishes 
t)etween a word instruction (bit 8 = 1) or a byte instruction (bit 

8 = 0), 

Appendix E gives a complete opcode map for the AmZBOOl and 

AmZ80(K epus. 

5.2.3 Addressing Mode Encoding 

Section 4.3 and Figure 3.6.1 discuss address mode encoding 
within the instruction opcodes. Pertinent figures are included in 
the summary material of Section 5.5. 

The instruction encodes the addressing modes by using the 
mode bits (15 and 14), bits 13 and 12, and the register field (bit 7 
through bit 4) . The specification of general purpose register (pair) 
zero, RO or RRO, in the register field of the instruction is used to 
distinguish between combinations of the addressing modes. 

If the instruction mode bits 15 and 14 are "00 ' and bits 13 and 12 
are not "11", then specifying RO (or RRO) in the register field 
(designation = "0000") denotes IM mode, and any other register 
designation denotes IR mode, (There are exceptions to this,) 
Likewise, if the mode bits are "00" and bits 13 and 12 are "11," 
then specifying RO denotes RA mode, arid any ojHer register 
designation denotes BA mode. 

If the mode bits are "01," specifying RO denotes DA mode, and 
any other register specification designates X or BX mode. Mode 
bits "10" designate R addressing mode, and "11" designate 
special instructions such as the short one-word instructions. 

5.2.4 Use of Register RO and RRO 

From the above discussion it is seen that RO (or RRO) cannot be 
designated in the instruction register field for the X, BA, and BX 
addressing modes. That is, general purpose register (pair) zero 
cannot be used as an index register in X mode or as a base 
address register in BA or BX modes. In the IR mode some 
instructions allow the designation of RO while other instructions 
do not. The instruction pages following accurately define, in the 
instruction register fields and descriptions, whether RO or RRO 
can be designated. 

Another restriction of using RO or RRO is as a stack pointer when 
using the PUSH and POP instructions. Register (pair) zero can- 
not be designated as a stack pointer. 

To summarize RO (or RRO) can be designated just as any other 
register (pair) in the instruction register field with some restric- 



tions. Whether RO can be designated In a particular addressing 
mode or form of an instruction is shown on the detailed Instruction 
p^^. general rules for using RO (and RRO) are listed here. 

1 . X Mode: RO cannot be designated as the index register In 
indexed (X) addressing mode. 

2. S^, BX Modes: RO cannot tie designated as the base ad- 
dress register in base address (BA) or base indexed (BX) 
addressing modes. Note that RO or RRO can be designated as 
the index register In the BX mode. 

3. in Mode: RO cannot be designated as the indirect register in 
ttie IR mode if that instruction has the immediate form (IM 
nnode) also available. Two other considerations apply for the 
IP mode; 

a. if no IM mode of the instruction Is available, RO (or RRO) 
I can be designated as the Indirect register In the IR mode. 

An example of this is the .INCREMENT Word Instruotinj. 
INC. for both segmented and nonsegmented verstotts of 
the IR addressing mode. 

b. In other cases where the IM mode of the instruction is not 
available, the designation of RO (or RRO) is not allowed In 
that it is used to distinguish a different version or instruc- 
tion. An example is the SET Bit in Word instruction, SET, 
which has no IM mode. Specifying RO or RRO in IR mode of 
the static form of the instruction is not allowed t>ecause 
specifying "0000" in the register field is the opcode fdftfte 
dynamic form of the instruction (R mode). 

4. Stack Pointer: RO or RRO cannot be designated as stack 
pointers in the PUSH and POP instructions. 

' 'tv.' :.. -! r _ : 

5.3 ASSEMBLER LANGUAGE SYNTAX 

Each form of an instruction (including byte, word, and long word, 
segmented and nonsegmented versions, and each available ad- 
dressing mode) is shown with its corresponding assembler lan- 
guage statement. The statements follow the general instruction 
notation used by the MACRO8000 assembler. For additional 
information refer to ttie MACRO8000 Assembler User's Manual. 

The assembler syntax is given for each mnemonic at the top 
center of each page just below the name of the instruction. This 
statement is a single generic form that covers all variations of the 
instruction on that page. Though generic, the statement shows 
specific operands wherever possible; these are indicated by 
upper case letters. Lower case letters are used to denote vari- 
ables in the statement for which suitable values are to be substi- 
tuted. One example of this is "Rs." denoting a word register (RO, 

R1 or R15) required by the addressing mode as a source 

register. Another example is the use of "dst" ("src '), indicating a 
general destination (source) which type is determined by the 
addressing mode. 

The assembler syntax is also given for each specific version of 
the instruction and is shown directly above its binary machine 
code representation. Because these are specific forms, the gen- 
eral dst and src operands are substituted by their specific 

value for that addressing mode. 
; i * I. » 



Some vaiables are fln£m\ in upper .ease. These Include labels, 
displacentents, fists, and binary and integer values. They are 

listed in the following section entitled Notation l<ey. 

■J. ■ ■ !3fr. • .0 ! 

5.4 ASSEMBLER EXCEPTIONS v 

MACRO8000 does i«i»4WoW>ittsignation c4 RO or>M) 
indirect register in the litj^(j||i9^|lK!!g mode. Some \rmti0»i/aSn 
allow the designation oT RiQ |or RRO) in the AmZBOOl and 

AmZ8002. These are noted in the detailed instruction pages. 

The assembler statements are terminated with a semicolon (;). 
These have not been shown. 

The MACRO8000 does not use the LDA or LDAR mnemonic to 
implement the LOAD Address instruction. This instruction is im- 
plemented using the LD mnemonic with the address specified as 
an immediate operand address constant. This may generate an 
LD or LDA instruction object code, depending on the addressing 
k&S^ aH^tne'VS^n of the assembler being used. To specify 
an address constant to be used as an immediate operand, place a 
"t" character in front of the operand. (Refer to comments made in 
Section 5.6.8 regarding use of the circumflex cheu'acter, "t.") 

The LDB load byte into a register with an immediate value in- 
struction has two opcodes which will perform the desired opera- 
tion. MACRO8000 generates the faster and shorter version; other 

assemblers may support both forms. 

The instructions listed below have a comment in the Assembler 
Notation section as follows; "A LAB or D which results in a 
displacement outside the allowable range produces an assem- 
bler error." Because the displacement range ofthese instructions 
in the RA and BA addressing rnodes is 4-32,767 to 
- 32,768, the MACRO8000 assembler can compute the correct 
displacement if outside the indicated range. It does this by 
geitetaflng a nKidlM» 65,536 two's complement displacement. 
For example, a l-AB indicating a displacement of -65,520 will 
produce a positive displacement of +16 by wrapping around. 

No error occurs in these cases. Instructions which have dis- 
placements assembled this way include: 

LD, LDR word register into memory 

LD, LDR word into register 

LDB, LDRB byte register into memory 

LDB, LDRB byte into register 

LDL, LDRL long word register into memory 

LDL, LDRL long word into register i , 

LDA, LDAR address into register 

5.5 SUMMARY OF ARCHITECTURAL DETAILS 

The following SgMT^s amd tables are a reproduction of previous 
information provided here for easy reference in understanding 
the instruction set details. 



■ ^ ■ <_■■*,''' ' ; \ ^ 
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R14' 

ms' 
ms 1 



SYSTEM STACK POINTEH 
NOmiAL STACK POIHTER 



SYSTEM STACK POINTER 
NORMAL STACK POMTER 



R012 
SEGMENT 



Figure 5.5.1 AmZSOOl General Registers 



ms' 
ms I 



SYSTEM STACK POINTER 
NORMAL STACK POWTBR 



Figure 5.5.2 AmZ8002 General Registers 



TABLE 5.5.1 GENERAL REGISTER ORGANIZATION 
AND DESIGNATORS 









Long 


Quadruple 


Register 


Byte 


Word 


Word 


Word 


Designator 


Mode 


Mode 


Mode 


Mode 


0000 


RHO 


RO 


RRO 


RQO 


0001 


RH1 


R1 






0010 


RH2 


R2 


RR2 




0011 


RH3 


R3 






0100 


RH4 


R4 


RR4 


RQ4 


0101 


RH5 


R5 






0110 


RH6 


R6 


RR6 




0111 


RH7 


R7 






1000 


RLO 


R8 


RR8 


RQ8 


1001 


RL1 


R9 






1010 


RL2 


RIO 


RR10 




1011 


RL3 


R11 






1100 


RL4 


R12 


RR12 


R012 


1101 


RL5 


R13 






1110 


RL6 


R14 


RR14 




1111 


RL7 


R15 










SEGMENT NUMBER 
1 1 1 1 1 1 


00 So 00 




5EGHEMT OFFSET 

1 1 1 1 1 




AmZSOOl 


15 







ADDRESS 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



AinZ8002 

Figure 5.5.3 CPU Program Counters 



(-Reserved) 



Notes. 

All general purpose registers can be used as accumulators. However. RO 
in the AmZ8002 {and RRO in the AnnZ8001) cannot be used as an index 
register or memoiy pointer. Refer to the secSon on Address Modes (3.6) 
Section 5.2.4. 

The highest order general-purpose registers are used as implied stacl( 
pointers. For a description of this refer to the section entitled Stack 
Pointers (2.3.4). 



RATE 

J \ I L 



ROW 

J I I I I I I 



Figure 5.5.4 CPU Refresh Counter 



• 


SEGMENT mJMBER 
1 1 1 1 1 1 


° 1 ° 1 ° 1 ° 1 ° 1 ° 1 " 1 ° 




UPPiR OFFSET 

1 1 1 1 1 1 1 1 






AmZSOOl 


15 






UPPER POINTER 

1 1 1 1 1 1 1 


' 1 ' 1 ' 1 ° 1 ' 1 ' I ' 1 ° 



AinZ8002 

-igure 5.5.5 New Program S^?':^ ' a Pointer 
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AmZ8001 



SYSTEM STACK 
POINTER AFTER 
TRAP OR ' 
INTERRUPT 



SYSTEM STACK 
POINTER BEFORE 
TRAP OR ■ 
INTERRUPT 



IDENTIFIER 



LOW ADDRESS 
SYSTEM SP 
AFTER TRAP ■ 
OR INTERRUPT 



SYSTEM SP 
BEFORE TRAP ■ 
OR INTERRUPT 



PC SEGMENT 



Rgure 5.5.6 Format of Saved PrbgfMi Status In the 
System Stack 



,11111 - -^h^^ I 1 " l " t " 1 " 



■ ' 1 1 I 1 I I I I I 1 I 



J L 



1 FLAG AND 
CONTROL 

■ word 



I FLAG AND 
I CONTROL 
I WORD 



SEGMENT OFFSET 

J I I i I I — \ — I — \ — \ — I — I — L 



AmZ8002 



Figure 5.5.7 CPU Processor Status Information 



PROGRAM STATUS JUtEA 
POINTER (PSA^ 



INTERRUPT 
VECTOR 
HEX CODE # 



BYTE OFFSET 



IB 24 



2S 40 



30 56 

3C SO 



238 566 
23C 572 





OFraET IMPUED 

AmZ&002 




RESERVED 




RESERVED 


SPECIAL 
OPCODE 
TRAP 


FCW 


FCW 


JSEG| 

PC OFFSET 


PC 


RESERVED 


PRIVILEGED 
INSTRUCTION 
TRAP 


FCW 


FCW 


JSEG| 

PC OFFSET 


PC 


RESERVED 


SYSTEM 
CALL 
TRAP 


FCW 


FCW 


|SEG| 

PC OFFSET 


PC 


RESERVED 


SEGMENTATION 
ERROR 
TRAP 


NOT USED 


FCW 


JSEG| 
PC OFFSET 


RESERVED 


NONMASKABLE 


FCW 


FCW 


JSEGj 
PC OFFSET 


INTERRUPT 


PC 


RESERVED 


NDNVECTORED 
INTERRUPT 


FCW 


FCW 


JSEG] 

PC OFFSET 


PC 


RESERVED 


VECTORED 
INTERRUPTS 


FCW 


FCW 


JSEG| 

PCO OFFSET 


PCO 


IsegI 
pc2 offset 


PCI 


JSE=| 
PC4 OFFSET 


PC2 






JSE=| 
PC254 OFFSET 


PC255 



INTERRUPT 

VECTOR 
* HEXCQK 











- '^O 


4 


% 






8 ' 


8 








■-A 






12 


C 


til* 






1 

^.M 


1 n-rw 


16 


10 






20 


'U 






24 


IB 






28 


IC 






30 


IE 





00 


32 


20 


1 


01 


34 


22 


2 


02 


• 




• 
• 


> 
• 
• 


540 
'S42 


21C 


2S5 


PF 



Figure 5.5.8 Program Stabis Area 
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MAIN FIELDS OF 
INSTRUCTION - 
ONE OR TWO WORDS 



ADDRESS OR DISPLACEMENT 
H6LD - ZEBO. ONE. 
OR TWO WORDS 



llMUEDIATE OPERAND 
FlELD-ZBiO. ONE. 
TWO WORDS 



Figure 5.5.9 General Instruction Word Formet 



BITS IN A BYTE 



tS t« 13 '11 10 9 B 7 S 5 4 3 3 t 



14-1441^1-14-1-14-1 l-M I , 



I L-i I 1 1—1 l_J 

ADDRESS n (EVEN) ADDRESS n • 1 (ODD) 



1 UPPEFI B»TE 1 LOWER BYTE 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 r 1 1 1 


ADOflESS n ADDRESS n * 1 


1 UPPB1 WOniVUmR BYTE 1 ~ - 

1 1 1 1 1 .1 t 1 1 1 1 r 


,tM= t 1 


ADt)RESSn + 3 




1 1 LOWER WO«Q 
1 1 1 1 1 1 1 1 1 1 1 1 


iLOWERBTTE 1 
1 1 1 1 



LONG WOftD 



Figure 5>5.10 Addressable Data Elements 



Address Mode 



TABLE 5.2 INSTRUCTION DECODING 

Addrass, Whon PrMBnt 



BttstS, 14 


BRa 13, 12 


BHs 7, 6, 5, 4 


Mode 


00 


Ntil 11 





IM 


00 


Nol 11 


NotO 


m 


00 


11 





RA 


00 


11 


NotO 


BA 


01 


X 





DA 


01 


Not 11 


Not 


X 


01 


11 


Not 


BX 




X 


X 


R 




X 


X 


Special* 



*Used for short one-vrard instructions. 

Word/Byte 



Bits 


Mode 



1 


Byte 
Word 



Displacement 


16^ Wont 


Nonsegmented Address 


16-eit Word 


Segmented Short Offset 


+ 7-Sit Segment + 8-Bit Offset 


Segmented Long Offset 


First Word: 1 + 7-Bit Segment 

+ 8-Bit Unused 

Second Word: 16-Bit Offset 



Immediate Date, When Present 



Byte 


Same Byte in Botti (halves of Word 


Word 


16-Bit Word 


Long-Word 


First Word: Bits 16:31 of Operand 
Second Word: Bits 0:15 of Operand 



TABLE 5.3 CC-FIELD DECODING 



CC Field 


Assembler 
Notation 


MeenbiQ 


Flag SetUi^ . 
for cd'tfiie 


1110 


NZ 


Not Zero_ ^ 


Z- 


0110 


ZR 


Zero 


Z - 1 


1111 


NC 


No Carry 


C = 


01 1 1 


CY 


Carry 


0= 1 


1100 


PO 


Parity Odd 


P/V = 


0100 


PE 


Parity Even 


P/V = 1 


1101 


PL 


Plus 


S = 


0101 


IVII 


Minus 


S= 1 - - 


1110 


NE 


Not Equal 


Z = 


0110 


EO 


Equal 


Z = 1 


1100 


NOV 


Overflow is Reset 


PA/ " 


0100 


OV 


Overftoiw is Set 


PA/= 1 



1001 


GE 


Greater Tfran or Equal 


S ffi P/V = 


0001 


LT 


Less Than 


s e P/V = 1 


1010 


GT 


Greater Than 


Z + (S © PA/) = 


0010 


LE 


Less Than or Equal 


Z + (S ® PA/) = 1 



1111 


LGE 


Logical Greater Tlian or Equal 


C = 


0111 


LLT 


Logical Less Than 


C . 1 


1011 


LGT 


Logical Greater Than 


(C = 0) ■ (Z - 0) = 1 


0011 


LLE 


Logical Less Tlian or Equal 


C + Z = 1 


1000 




Unconditional (Always Tnje) 





I 



Mod* 



Operand Addressing 



Operand Value 



In the Instruction In a Register 

' rrr 



In Memory 



R 

Register 



I REGISTER ADDRESS I — H OPERAND 



Mi 



The content of the register. 



IM 

Immediate 



I OPERAND I 



in the ir^jdM^fin 



IR 

Indirect 

Register 



T— ^ ADDRESS t 



lOMttNOl 



The content of the locatioii wtiose 
address Is In the register. 



DA 

Direct 
Address 



, 1J».eontaa eNhe localioBi whose 
^^i^ThstrucSoh. 



X 

Index 



REGISTER ADDRESS 


— »| DISPLACEMENT | x 


BASE ADDRESS 




■ -©H-*| 



The content of the location whose 
address is the address in the 
instruction, offset by the content 
of the working register. 



RA 

Relative 
Address 



DISPLACEMENT 



The content of the location whose 
address Is the content of the program 
counter, offset t>y the displacement in 
the instruction. 



BA 

Base 
Address 



REGISTER ADDRESS 


-HOAigACKMnsI , 


DISPLACEHENT 


-^>-^ 





The content of the location whose 
address is the address in the 
register, offset by the 
' a isp i a giii^tf in the instniction. 



BX 

BX 



Index 



REGISTER ADDRESS 




BASE ADDRESS 








REGISTER ADDRESS 




DISPLACEMENT 





The content of the location whose 
address is the address in the 
register, offset, by the 
displacement In the register. 



Hgure 5.5.11 Addressing Modes 
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5.6 NOTATION KEY 

Abbreviations and notations used on the detailed instruction 
pages are included In this section. 

5.6.1 Appended Information 

Refer to the appendices for additional information: 

AmZSOOO Instruction Set: . , r, • 
By Logical Group 

Anr)Z8000 Instruction Set: 
Numeric Listing by Opcode 

AmZ^OOO Instruction Set: 
Alphabetic Listing By Mnemonic 

AmZaOOO Instruction Set: 
Topical IrKlex 



Appendix A 
Appendix B 

Appendix C 
Appendix D 
Appendix E 



AmZBQOO in$tructt9n Set: 
Opcode Map 

Appendix F Executive Module Sample, Go0e^. -_^.., 

Appendix G ASCII Character Set 

Appendix HI Powers of 2 and 16 . > , 

Appendix I Hexadecimal and Decimal Int^et-- 
Conversion Table 

5.6.2 Addressing Mode and Segmentation Notation 

Notation used to designate the addressing modes is shown and 
includes examples of assembler syntax operands. 



Notation 


Addressing 
Mode 


Assembler 
Syntax Example 


R 


Register 


R7 


IM 


Immediate 


4 

CONSTANT 
TLABEL 


IR 


Indirect Register 


R7t 


DA 


Direct Address 


LABEL 
#4D8B 

LABEL + DISPLACEMENT 


X 


Index 


LABEL (R7) 
#4D8BT (R7) 


RA 


Relative Address 


LAB 

T$ + #100) 


BA 


Base Address 


R7t(DISPLACEMENT) 
R7T(#100) 


BX 


Base Index 


R7t(R1) 


PR 


Port Register 


R7 


PA 


Port Address 


4 

CONSTANT 



The segmentation version notation Is: 

NS - nonsegmented 

S - segmented 

SSO - segmented short offset 

SLO - segmented long offset 

5.6.3 Source and Destination Notation 

Operand sources and destinations are indicated in the general 
instruction assembler statement at the top of the page. Non- 
specific forms are indicated by lower case "src" and "dst." This 
Implies that the addressing mode determines the specific source 
or destination. 



Specific sources and destinations are listed for each form and 
addressing mode of the Instruction and, If all versions on the page 
are Identical, at the top of the page. The specific source Is desig- 
nated by a lower case "s" suffix behind a register notation. The 
specific destination Is designated by a lower case "d" suffix 
behind a register no^on. Examples of these are "Rs" and 
•RRd." 



5.6.4 Reglslw Notation 





Notation 


Meaning 


Range/Examples 


Comments 




•R 


word register 


RO, R1 R15 


16 bits 




*m 


byte l^glsto' 


R1jO,"RHO, RLI 

RH7 


atm 




•RR 




RRO. RR2 RR14 


32 bits 




•RQ 


register quad 


RQO, RQ4, RQ8, 
RQ12 


64 bits 




Rx 


index register 


as, R7 


word register only 




Rc 


counter register 


as, RIO 


word register only 




mc 


byte counter 
register 


as, RH7 


byte register only 








J»i.m4,. .... 


- vMd cagteJar only 



•-Appended with a source or destination indication, "s" or "d.' 
Examples are Rs, Rbd, RRs, RQci, etc. 



5.6.5 Operand Notation 

In addition to register operand designations, notations used for 
operands and other values are listed here both for the assembler 
language statements and the instruction opcodes. Upper case is 
used for statement operands and correspond to an instruction 
field value, typically indicated in lower case. The assembler as- 
sembles the statement operand into the appropriate binary code. 
A statement about assembler notation is given on instruction 
pages where appropriate and includes information on range and 
relationship between assembler and opcode values. 



Notation 


Description 


b, B 


bit number or number of bit positions 


c, C 


count or carry 


CC 


condition code , 


CR 


control register 


d, D 


signed, 2's complement displacement 


h 


hex integer; 01, 1 F 


IM 


immediate operand (IM = word, 1Mb = byte, 
IME= long^word, IMd = digit) 


LIST 


list of optional (all. any or none) values 


n, N 


decimal Integer 



5.6.6 Address and Label Notation 

The general assembler statements and operations use "addr" to 
denote a memory address. These addresses are generated by 
the assembler depending on the addressing mode and assem- 
bler syntax, such as labels, displacements, and indexes. Ad- 
dresses also tal<e the form #hh (segment) or #hhhh (offset). An 
example is #4D8B, the # symbol designating a hex integer value. 



Notrtten 

AQDRBSS 

DISPLAC^ENT 

LAB 

LABEL 

LABSSO 

OFFSET 

PORT 

SEGMENT 



Description 



ll^^gs field in the instruction generated biy the ssserntiler for 
GM-and X mode instnidions. 



Denotes a l&M bif^Qf 
mnsegmented verdkxs 

Asiped or uAsigned 2's complement integer used In the RA and BA addressing modes and 
retertiveMrtictions such as CALL Subroutine (CALR), JUMP Conditional (JR), and LOAD 
instructions such as LDR. The instruction description and eissembier notation define whether 
the displacement is added or subtracted and what the range is. 

An assembler syntax label designating the relative address (RA) mode. The assembler uses 
this label to generate the instruction displacement relative to the updated PC. 

An absolute address in memory specified to the assembler either as a label or as an absolute 
address Of the form #hhhh. 

A label designating a segmented short offset (SSO) form of address. This is composed of a 
7-bit segment address and the lowest byte of a 1 6-bit offset addre^Il^to^iad Id denote the 
SSO version of DA and X mode instructions. 

A field used to specify the offset address (1 6 bits for SLO or 8 bits tdr SSO) in a segmented 
fonn of DA or X mode Instructions. 

An assembler syntax used to dehotea port address (a 1 -bitfield) in apSrt address (PA) mode 
of the (special) I/O instructions. 

A field used to specify the 7-bit segment address in segmented (SSO or SLO) forms of DA 
and X mode instrucgons. , 



Note ttisA'ftie as^oTibler uses segment directives, not instruction 
statements, to speeify segment address to be used during as- 
semt>ly. Refer to the assismbler reference manual. 



5.6.8 Special Character Notation 

The operations described on each instruction page use the fol- 
lowing convention with respect to special characters: 



5.6.7 Condition Codes and Other Notations 






uescFllnlon 


The condition codes use a notation defined in Table. Also showq 
are the CPU flag seilingi^. In addWon to these, ottier notatons are 
used: 




< > 

( ) 


"is replaced by" 

denotes bit field, range or position 
denotes "contents of" 


Notation 


Meaning 


instnietton 
Example 




1 


indicates lowest and highest bit positions 
delimltei' for Ist of optional entries 


CO 


condition code 


JR 




+ 


add 1 ' 


CR 


control register 


LDCTL 






subtract 

1 


Few 


flag and control word 


LDCTL 




X 


ttmes il 1 


FLAGS 


flag byte of FCW 


LDCTLB 




or/ 


divide 


N 


non-vectored interrupt 

normal stack pointer offset 

normal stacl< pointer 
segment 

non-vectored 
interrupt flag , 


El 




V 


logical OR 


NSPOFF 
NSPSEG 

NViE 


LDCTL 
LDCTL 

El 




A 
-1- 


logical AND 

laical EXCLUSIVE oSr' ' 

logical complement 

denotes direction of rotation or shift 

exchange 


PSAPOFF 


NPSAP upper olfs«ti , 


LDCTL 






equals 


PSAPSEG 


NPSAPsegmnt ''■ 


LDCTL 






not equals 


REFRESH 


refresh regWM ' 'i 


LDCTL 






SGN 


sign bit 


COMFIG 






V 


vectored interrupt 

opcode bit 


El 






VIE 


vectored interrupt flag 


El 














- — imp 
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The following 
assembler 



list Includes notations used t)y the assembler and 
syntax: 



Symbol 



number 

parentheses 

comma 



colon 
semicolon 
single quot^ 
percent 
carriage return 
dollar 

circumflex 



Description 



# denotes a hex constant 

( ) enclose a subscript index register 

, separates multiple operands 

etemM s^rator between label, 
operation code, and operands 

: denotes end of label 

; denotes end of statement 

' delimits an ASCII character string 

% begins a comment line 

CR denotes end of a line 

$ denotes present program counter 
location (when used, must be 
preceded by "t") 

I or A denotes an address constant if it 
precedes a label 

denotes an indirect address if it 
follows a register designation 

denotes a direct address if it 
follows a constant (or a base 
address ifjtdexed). 



The circumflex symbol is used in several ways, including as LDA 
(and LDAR) LOAD ADDRESS (Relative) equivalents, and is 
summarized as follows: 



Notation 


Meaning 


Uia 


Example 


Tx 


"address of" x, 
or pointer to x 


DA operand for 
LD that replaces 
LDA; RA operand 
for LDR that 
replaces LDAR 


LD R2, tL3; load 
the address of L3 
into regi^r R2 


xT 


"contents at" x 
location, or 
what X points 
to 


indirect register 
operand; DA 
operand for LD 
that replaces 
LDA 


LD R2, #F4T; load 
the contents at 
address #F4 Into 
register R2 




contents at 
address x 
displaced by 
contents of 
register r 


X operand for 
LD that replaces 
LDA 


LD R2, #4320T 
(R4); load the 
address #4320, 
displaced by 
R4, into R2 



Notes: A circumflex following a label is not allowed. A hex 
number following a circumflex is not allowed. A circumflex before 
a label In indexed Instructions is not allowed. 
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5.6.9 INSTRUCTION PAGE KEY . x;, 



lo-ir. at. 



TWe 



General Assembler Syntax 



Mnemonic 



Specific 

Assembler 

Syntax 



Addressing . 
Mode 



Instruction 
Format and ' 
Opcode 



Segmented or 
Nonsegn 
Version 



SET 



SET bit in word (static) 
SfTdlt,lB 



SET 



VHVlOfi HiMiimilc wid Foiin 

SETRd, B 

NS. S |1 lOil lOiOil itlil I Rd I b I 



Clocks 
4 



IR 

•IR 

DA 
DA 



re 


0,0,1 ,0,0i1 


6,1 


Rdx o r 


K 1 




SET HRdt. B 








s 


0,0,1 ,0,0,1 


0,1 




b ' 




SET LABEL. B 










O.1i1lO,0i1i8.1 


aiSiOiel 


b 


NS 


USORESS 




SET UBSSO. B 


SSO 


0,1,1,0,0,1 


0,1 


0,0,0,01 


b 


Ol SEQMENT 


OFFSET 



SET LABELS 




SET LABEL (R»). B 

' I 1 , 1 I , , 1 I , 1 I R« < I b 



Ol 1 r 1 iQiO, 1 lOi 1 


Rx 1 b 


01 SEQMEMt 


OFFSET 


SET LABEL (Rx). B 


0| 1 , 1 ,0,0, 1 ,0i 1 


Rx < 1 b 


1 1 SEGMENT 






OFF=SET ' 





Opvratlon 

word dst <b bit>*-^ 



Description _ 

The selected bit of the word destination 

is set to one. The remainiiig 15 bits are 

umrtterad. The destination is detennined 

by the'flpoifipabte addmssNig 

the bit to be ftet is detemined by the 

binaiy value of the b field of the 

instriK^n. 



Aseembler Notation 

The assembler notation B is a numeiic 
expression which is assembled into a 
binary value in the b field of the 
instruction. The range of B is zero Oirough 
15. and b = 8 Specifying a Boulsideof 
the allowable range produces an 
assembler error. 



Rags 

C 2 S PV DA 



- = Unaffected 
1 = Set 
= Cleared 

.* = Con^Honal - see descripfion 



Rags are not affected. 



'Operatton 



- Description 



Execution 
.Time 
(Clock 
Cycles) 



Shaded Areas 
- Are Reserved 
(Zeros) 



Hag iMilVMNlMi 



ADC 



AOC 



Mode 



Varslon 



NS.S 



Mnwnonic and Form 

ADC Rd, Rs 

II1O1I1I1O1I1O1II Rs I 



Clocks 



Rd 



Oparation 

Rd<0:1 5>«-Rs<0:1 5> +Rd<0:15> +C 



Descrlptton 

The contents of the general-purpose 
registers designated by the Rs (source) 
and Rd (destination) fields of Vne 
instructton are added together along with 
the carry flag to ol>tain the result Ttie 
16-l3it result is loaded into the destinatibn 
register, whose original contents are lost. 
The contents of the source are not 
altered. 



5 



Flags 

C Z 



P/V DA H 



- = Unaffected 
1 = Set 
= Cleared 

* 1= Conditional - see des(^plion 



C: Set to 1 if there is carry from ttie most significant bit position of the word. 

Reset otherwise. 
Z: Set to 1 if result is zero. Reset otherwise. ' 
S: Set to 1 if result Is negative. Reset otherwise. 
P/V: $eft to 1 on arithmetic overflow. Reset ottieiwise. 
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ADCB 



-ADD byte with carry 
ADCB Rbd, Rbs 



ADCB 



Mode 



R 



Version Mnemonic and Form 

' ADCB Rbd, Rbs , _ 

NS, S |1|0|1|1|0|1|0|0| ftbs L Bid I 



Clocks 



■•■1) V. 



Operation 

Rbd<0:7>«-Rbs<0:7> + Rbd<0:7>+C 



Description 

The contents of the general-purpose t>yte 
registers designated by the Rbs (source) 
and Rtxl (destination) fields of the 
Instruction are added together along with 
the carry flag to obtain the result. The 
8-bit result is loaded into the destination 
register, whose original contents are lost. 
The contents of the souroe are not 
altered. 



Flags 

c z 



P/V DA H 



= Unaffected 

1 = Set 
= Cleared 

* = Conditional - see description 



C: Set to 1 if there is a carry from the most significant bit position of the byte. 

Reset otherwise. 
Z: Set to 1 if result is zero. Reset otherwise. 
S: Set to 1 if result is negative. Reset ottierwise. ; 
P/V: Set to 1 on arithmetic overflow. Reset otherwise. 
DA: Reset always. 

H: Set to 1 on carry from the least significant digit of result. Beset otherwise. 

: - - ...^4.i.» l .. 
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ADD 



ADP wordta r«^|&itier 
jADD Rd, SFC 



ADD 



Mode 
R 

IM 

IR 

IR 

DA 

DA 



Version Mnemonic and Form 

I ADD Rd, Rs 

Nfe, S |1 |0|0|0|0|0|0|1 I 



NS. S 



NS 



NS 



SSO 



NS 



SSO 



SLO 



Rs 



m 



Cloclcs 
4 



ADD Rd, IM 

OiOiOiOiOiOiOi1 lOiOiOiOl Rd" 



OPERAND 



ADD Rd, Rst 

IOiOiO]OiOiOiOii I RS'^o I m I 

ADD Rd. RRsT 

|OiOiOiOiOiOiOill RRs # I Rd I 

ADD Rd, LABEL 

Oi1 lOiOiOiOiOi 1 |0|0|0|0| Rd 



ADDRESS 



ADD Rd, LABSSO 






1 |0|0|0|0|0| 1 


1 1 1 1 Rd 





SEGMENT 


OFFSET 


ADD Rd, LABEL 





1|O|O|0|0iO|1 


I 1 1 1 Rd 


1 


SEGMENT 




OFFSET 


ADD Rd, LABEL (Rx) 





1,0,0,0 0,0,1 


Rx 1 Rd 


ADDRESS 



ADD Rd, LABSSO (Rx) 






1|0|0|0|0|0|1 


Rx 7^ 1 Rd 





SEGMENT 


OFFSET 


ADD Rd, LABEL (Rx) 





1|0|0|0|0|0|1 


Rx ?s 1 Rd 


1 


SEGMENT 




OFFSET 



10 



12 



10 



10 



13 



Operation 

Rd<0:15>«-src<0:15>+Rd<0:15> 



Description 

Source operand and destination operand 
words are added togettier and tlie 16-bit 
result is loaded into the destination. The 
contents of the source are not altered 
and the original contents of the 
destination are lost. The source is 
determined by the applicable addressing 
mode and the destination is always a 
general-purpose register designated by 
the Rd field of the instruction. 



Flags 

C 2 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* - Conditional - see description 



C: Set to 1 if there is a carry from the most significant bit position of the word. 

Reset otherwise. 
Z; Set to 1 If result is zero. Reset otherwise. 
.,S: Set to 1 if result is negative. Fleset (dhertvise. 
P/V: Set to 1 on arith^oetic overflow. Reset othenwise. 
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AOOB 



ADD byte tofegister 



ADDB 



Version 



Mnemonic and Form 

ADDB Rbd, Rbs 



Clocks 



R 


NS.S 


1| 


OiOiOiOiQiOi 


o| 


Rbs 1 


Rbd 1 




ADDB Rbd, 1Mb 








IM 


NS.S 




0|0|0|0|0|0| 





0,0,0,01 


Rbd 


7 


OPERAND 


Q 


7 OPERAND 




ADDB Rbd, Rst 








In 


NS 





0|0|0|0|0|0| 





m^o 1 


wbd '1 




ADDB Rbd, RRst 








IR 


S 





OiOiOiOiOiOi 


1 RRs 1 


Rbd 1 




ADDB Rbd, LABEL 








DA 


NS 





1 iO,0|OiO|0 





0|0|0|0| 




ADDRESS 






ADDB Rbd, LABSSO 








DA 


SSO 





1 iO|0|0|0|0 





OlOiOlO 


Rbd 





SEGMENT 


OFFSET 






ADDB Rbd, LABEL 















1 lOiOiOiOiO 





0,0,0,0 


Rbd 


DA 


SLO 


1 


SEGMENT 








OFFSET 






ADDB Rbd, LABEL (Rx) 






X 


NS 





1 iO|0,0|0|0 





Rx ?! 


Rbd 


ADDRESS 






ADDB Rbd. LABSSO (Rx) 




X 


SSO 





1 rOiOiO|0|0 





Rx ?i 


Rbd 





SEGMENT 


OFFSET 






ADDB Rbd, LABEL (Rx) 






X 


SLO 





1 1 r 1 1 1 




Rx 


Rbd 


1 


OFFSET 



■ r- 



10 



12 



10 



10 



13 



Operation 

Rbd<0:7><-src<0:7>+Rbd<0:7> 



Description 

Source operand and destination operand 
bytes are added together and ttie 8-bit 
result is loaded into the destination. The 
contents of the source are not altered and 
the original contents of the destination are 
lost. The source is determined by the 
applicable addressing mode and the 
destination is always a general-purpose 
byte register designated by the Rbd Hold , 
of the instruction. 



Fiags 

C Z 



P/V DA H 



- Unaffected 

1 = Set 
= Cleared 

* = Conditional - see description 



Z: 
S: 

P/V: 
DA: 
H; 



Set to 1 if there is a carry from the most significant bit position of the byte. 
Reset otherwise. 

Set to 1 if result is zero. Reset otherwise. 
Set to 1 If result is negative. Reset otherwise. 
Set to 1 on arithmetic overflow. Reset otherwise. 
Always reset. 

Set to 1 if there is a carry from the least significant digit. Reset otherwise. 

. ^ ■'^"■'i' 



^14 



ADDL 



AD D ion§ wmii \@ mMir 



ADOL 



IM 

IR 
IR 

DA 
DA 

DA 



Vteaion 

NS, S 

N S, S 



MS 



£1L0 



NS 



SSO 



SLO 



Mnemonic and Form 

ADDL RRd, RRs 



CioeiB 



1 


0,0,1 ,0,1 ,1 ,0 


RRs 1 


RRd 




8 


ADDL RRd, IMS 












0,0,1 lOil ,1 ,0 


o,o,o,o| 


RRd 






31 


OPERAND 




16 


14 


15 


OPERAND 









ADDL RRd, Rst 





















0,0,1 ,0,1 ,1 ,0 


RS ¥ 1 








ADDL RRd, RRsT 













0,0,1,0,1,1,01 RRs 5^ 1 


RRd 




14 


ADDL RRd, LABEL 













tiiii-,'ftfi , 1,0 


o,o,o,o| 


RRd 




15 


ADDRESS 


ADDL RRd, LABSSO 













1,0,1,0,1,1,0 


0,0,0,01 


RRd 




16 





SEGMENT 


OFFSET 


ADDL RRd, LABEL 













1,0,1,0,1,1,0 


0, Oi 0, o| 


RRd 






1 


SEGMENT 




18 


OFFSET .. . ^ 




ADDL RRd, LABEL (Rx 













1|0|1|0|1,1,0 


Rx ?s 1 


RRd 




16 


ADDRESS 


ADDL RRd, LABSSO (Rx) 











1 |0| 1 ,0, 1 , 1 |0 


Rx ?^ 1 


RRd 




16 





SEGMENT 


OFFSET 



ADDL RRd, LABEL (Rx) 






1,0, 1,0,1, 1,0 


Rx 1 


RRd 




1 


SEGMENT 


;wi'y.i.'.'.'Aw.*. 




19 


OFFSET 





Oporatlon 

RRd<0:31>«-sro<0:31 > + RRd<0:31 > 



Description 

Source operand and destination operand 
long words are added together and the 
result is loaded into the destination. The 
contents of the source are not altered and 
the original contents of the destination are 
lost. The source is determined by the 
applicable addressing mode and the 
destination is always a general-purpose 
register pair designated by the RRd field 

m 



Flags 

C 



P/V DA H 



— ^ Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Set to 1 if there is a carry from the most significant bit posftion of the long word. 
Reset otherwise. , , ' 

Z: Set to 1 if result is zero. Reset othen/uise. L—I L 

S: Set to 1 if result is negative. Reset othenwise. 
P/V: Set to 1 on arithmetlG overflow. Reset ottierwise. 
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AND 



AND 



Mode 
R 

IM 

IR 

IR 

DA • 
DA f 

DA 



Version Mnemonic and Form 

AND Rd, Rs 

NS, S |1|0|0|0|0|1|1|1| Rs I 



Rd 



Clocks 
4 



NS, S 

NS 

S 



SLO 



NS 



880 



SLO 



AND Rd, IM 



OiOiOiOiOi1i1il|OiO,iOiO| -Rd" 



OPERAND 



AND Rd, RsT ^ 

lOiOiOiOiOililill R$.¥0-f !Ha-'t - 

AND Rd, RRsT 

I I I I I 1 1 1 1 1 1 I RRs # I Rd I 

AND Rd, LABEL 

0iti0i0i0iii1il|0i0i0i0l Rd" 



ADDRESS 



AND Rd, LABSSO 






1|0|0,0|1|1,1 


1 1 1 1 Rd 





SEGMENT 


OFFSET 


AND Rd, LAB& 





1|0|0, 0,1,1,1 


1 1 1 1 Rd 


1 


SEGMENT 




OFFSET 



AND Rd, LABEL (Rx) 



J 1 J 1 I I 1 I 1 I 1 I Rx ^ 



Rd 



ADDRESS 



AND Rd, LABSSO (Rx) 






1,0,0,0,1,1,1 


Rx 1 Rd 





SEGMENT 


OFFSET 


AND Rd, LABEL (Rx) 





1.0,0,0,1,1,1 


Rx ?! 1 Rd 


1 


SEGMENT 




OFFSET 



10 



12 



10 



10 



13 



Operation 

Rd<0:15><-Rd<0:15> A src<0:15> 



;,c 



I 



Description 

A logical AND operation is performed 
between the corresponding bits of the 
source and destination words. The 
source operand is determined by the 
applicable addressing mode, while the 
destination operand is always a general- 
purpose word register, designated by the 
Rd field of the instruction. The result of 
the operation is loaded into the 
destination, whose original contents are 
lost. The source cpntertts are not altered. 



Flags 

C Z 



P/V DA H 



Z; Set to 1 it result is zero. Reset otherwise. 
S: Set to 1 if result is negative. Fteset otherwise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 
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ANDB 



AND byte with register 
ANDB Rbd, src 



ANDB 



Mode 
R 

IM 

IR 

IR 

DA 
DA 

DA 



Version 



sso 



SLO 



(Mnemonic and Form 

ANDB Rbd, Rbs 



NS, S 


1 


0,0,0, Oilili 





Rbs 1 


Rbd 1 


ANDB Rbd, 1Mb 


NS, S 





0,0,0,0,1,1, 





0,0,0,01 


Rbd 


7 


OPERAND 





7 OPERAND 


ANDB Rbd, Rst 


NS 





OiOiOiOrlil, 


ol Bs^O 1 


Rbd 




ANDB Rbd, RRsT 








s 





0|0|0i0|1 |1 


1 RRs ?f 1 


Rbd 




ANDB Rbd, LABEL 








NS 





1 lOiOiOi 1 1 1 





0,0,0|0| 


Rbd 


ADDRESS 




ANDB Rbd, LABSSO 






SSO 





1,0,0,0,1,1 





0,0,0,01 


Rbd 





SEGMENT 


OFFSET 




ANDB Rbd. LABEL 








SLO 





1 ,0,0,0, 1 , 1 





0,0,0, 0| 


Rbd 


1 


SEGMENT 






OFFSET 




ANDB Rbd, LABEL (Rx 






NS 





1 |0|0|0|1 |1 





Rx 1 


Rbd 


ADDRESS 



Clocics 
4 



ANDB Rbd, LABSSO (Rx) 






1 ,0,0,0,1 |1 ,0 


Rx 1 Rbd 





SEGMENT 


OFFSET 


ANDB Rbd, LABEL (Rx 







1,0,0,0,1,1,0 


Rx ?f 1 Rbd 


1 


SEGMENT 




OFFSET 



10 



12 



10 



10 



13 



Operation 

Rbd<0:7>«-flbd<0:7>A src<0:7> 



Description 

A logical AND operation is performed 
between the corresponding bits of the 
source and destination bytes. The source 
operand is determined by the applicable 
addressing mode, while the destination 
operand is always a general-purpose byte 
register, designated by the Rbd field of 
the instruction. The result of the operation 
is loaded into the destination, whose 
original contents are lost. The source 
contents are not altered. 



Flags 

C Z 



PA' DA H 



- = Unaffdcted 

1 = Set 

= Cleared 

* = Conditional - see description 



Z: Setto 1 if result Is zero. Reset otherwise. 
S: Set to 1 if result is negative. Reset otherwise. 
P/V: Set to 1 If parity of result Is even. Reset otherwise. 
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BIT 



BIT test in a word (dynamic) 
BIT m, B». 



BIT 



Vnraion Mnwimnlc and Form 



BIT Rd, Rs 



NS, S 



Rs 



Rd 



Oi 1 I 1 I 1 lOiOiOiO 



Clocks 



10 



'■' • • Wl . -I:.- r.y. 



Operation 

Z flag'<-fld<t)it specified in R8(0:3)> 



Description 

The selected bit of tlie word destination 
register is tested and the Z flag is 
affected. The destination word operand is 
the general-purpose register designated 
by the Rd field of the instruction. The bit to 
be tested is determined from a binary 
decode of the least significant four bits of 
a general-purpose word register 
designated by the Rs field. The contents 
of the destination are unaltered. 
1 



Flags 

C 



P/V DA 



- = Unaffec^ 

1 = Set 

= Cleared 

* = Conditional 



see description 



Z: Set to 1 if selected bit of destination operand is zero. Reset otherwise. 
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BIT 



Mode 

R 

IR 
IR 

DA 
DA 

DA 



Version Mnemonic and Form 

BIT Rd, B 



NS 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



NS, S |1 |0|1 |0|0|1 |1 |1 



Rd 



BIT RdT, B 

1 1 1 1 1 r 1 1 1 1 1 1 I Rd ^ I b I 

BIT RRdf, B 

|0i0i1i0i0i1i1il| RRd ;^ I b | 

BIT LABEL, B 

0|1|1|0|0|1|1|l|0|0|0|0| b 



Clocks 

] 4 



ADDRESS 



BITU^SSO, 8 






1i1rOiO, 1,1,1 


0,0,0,0| b 





SEGMENT 


OFFSET 


BIT LABEL, B 





1 1 1 1 Q 1 , 1 , 1 1 1 


0,0,0, ol b 


1 


SEaiWIENT 


WMTWH ■ iltVV- -H 
.w.-.v • •> "i 


OFFSET 


BIT LABEL (Rx), B 





1,iiO, 0,1,1,1 


Rx^O 1 b 


ADDRESS 



BIT LABSSO (Rx), B 






1 , 1 ,0|0| 1 , 1 1 1 


Rx ^ 1 b 





SEGMENT 


OFFSET 


BIT LABEL (Rx), B 





1|1|0|0|1,1|1 


Rx / 1 b 


1 


SEGMENT 




OFFSET 



8 



10 



11 



13 



11 



11 



14 



Operation 



Z flag*H«ord dst<b blt> 



Description 

A bit In the word destination is tested, and 
the Z flag is affected as shown below.The 
destination is determined by the 
applicable addressing mode, while the bit 
to tie tested is specified by the binary 
value of the b field of the instruction. The 
oontisnts of the destination are not altered. 



Assembler Notation 

The assembler notation B is a numeric 
expression which Is assembled into a 
binary value in the b field of the 
instruction. The range of b is zero through 
15, and b = B. Specifying a B outside of 
the allowable range produces an 
assembler error. 



Flags 

C Z 



P/V DA 



Zi Set tBi'l if specilSid bit of destination word is zero. Reset othenwise. 



- = Unaffected 

1 = Set 

^ Cleared 

* = Conditional - see description 
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BI'Li^ tn«rbyte (dyniimtc) 



BITB 



Mode 



Version Mnemonic and Form 



NS, S 



IOiOi1jOiOi1i1iO 


lO 1 Q 1 0.1 Rs 


^^^^^ 


Rbd 


^^^^^^^^^^^^^^ 



Cloclts 



10 



«*■ 1- ••» •• trtif . ;,•». «i ■ < - •If. 



■jr. •te.^i fi. r[. ■ V : . 
' to Mill' •■ .lij:- 
I' [ ' i^-fii I'M: 
,',-< S . 



Operation 



Z flag<-Rbd<bit specified in Rs(02)> 



l3escrlptlon 

The selected bit of ttie byte destination 
register is tested and the Z flag is 
affected. The destination byte operand is 
tlie general-purpose register designated 
by the Rbd field of the instruction. The bit 
to be tested Is determined from a binary 
decode of the least significant three bits of 
a general-purpose word register desig- 
nate^ 1^^ the Rs field of the instruction. 

contents of the destination are 
unaltered. 



Flags 

C Z S PA^ DA H !"ic mijat Z: Set to 1 if selected bit of destination operand is zero. Reset otherwise. 



~ " Urraffected 
1 = Set 
= Cleared 

* CondMonal - »e deser^xion 
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BITB 



BITB 



Mode 

R ^ 

IR 
IR 

DA 
DA 

DA 

X . 



Version Mnemonic and Form 

BITB Rbd, B 

NS, S |1|0|1|0|0|1|1|0| Rbd I b I 



Clocics 



NS 
S 

NS 

880 

SLO 

ISLO 
NS 

SSO 



BITB Rdt, B 

|0|0|1|OiOi1i1iO| Rd¥ I, ~b" 

BiTB RRdt. B ' 

1 1 1 1i Oct 1 1 1 1 1 1 RRd # I ~b" 

BITB LABEL, B 

0|1 i1 ]Q|0]1 ]1 |0|OiOiOiO| ~ 



ADDRESS 



BITB UVBSSO, B 






1,1,0,0,1,1,0 


0|0|0|0| b 





SEGMENT 


OFFSET 


BITB LABEL, B 





1,1|0|0|1|1|0 


OiO|0|0 


b 


1 


SEGMENT 






OFFSET 



BITB LABEL (Rx), B 



0, 1 I 1 lOi Oi 1 I 1 I 0| Rx ^ I b" 



ADDRESS 



BITB LABSSO (Rx), B 






1 i1 1D1O1I ,1 lO 


Rx 9« 1 b 





SEgimll^T 


OFFSET 


BITB LABEL (Rx), B 





1,1,0,0,1,1,0 


Rx 1 b 


1 


SEGMENT 




OFFSET ^, , 



10 



11 



13 



11 



11 



14 



Operation 



Z flae«-byte d8t<b bit> 



Description 

A bit in the byte destination is tested, agd 
ttie Z flag is affected as sfiown below. 
Tfie destination is determined by tfie 
applicable addressing mode. The bit to 
be tested is determined by the binary 
value of the least significant three bits of 
the b field of the instruction. The contents 
of the destination are not altered. 



Assembler Notation 

The assembler notation B Is a numeric 
expression which is £tssembled into a 
binary value, b, in the instruction. The 
range of b is zero through 7, and b = B. 
Specifying a B outside of ttie allowable 
range produces an assembler error. 



Flags 

C 2 



P/V DA H 



Z; Set to 1 if specified bit of destination byte is zero. Reset otherwise. 



- = Unaff^ed 

1 = Set 

= Cleared 

* = Conditional - see description 
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CALL 



CALL 



Version MnMnonle and Form 



Ck>ck8 



IR 
IR 

DA 
DA 
DA 



NS 

S 

NS 

SSO 

SLO 

NS 
SSO 

SLO 



CALL Rdt 

|0i0i0i1i1,1,1il| Rd rOiOiOrol 

CALL RRdt 

|0i0i0i1i1i1i1il| RRd I 1 I I 1 

CALL LABEL 



1 1 I 1 1 I 1 I 1 I 1 I 1 I I I I fi) I 1 Pi's 



ADDRESS 



CALL LABSSO 






1,0,1,1,1,1,1 


1 1 1 1 1 











SEGMENT 


OFFSET 


CALL LABEL 











1|0|1|1|1,1|1 


0|0|0,0|0|0 








1 


SEGMENT 




OFFSET 


CALL LABEL (Rx) 





1 ,0, 1 1 1 1 1 , 1 , 1 


Rx 5* 1 , 








ADDRESS 



CALL LABSSO (Rx) 






1,0,1,1,1,1,1 


Rx 7< 1 , 1 1 





SEGMENT 


OFFSET 


CALL LABEL (Rx) 





1,0,1,1,1,1,1 


Rx ?! 1 1 1 1 


1 


SEGMENT 




OFFSET 



10 

15 

12 

18 

20 

13 
18 

21 



Oparatlon (Mgmentad) 

R15 <Q:15>ii-Rl!5<0:15>-2 
(F)R1»<^f|^>)<^-Updated PC OFFSET 
*«#COnlb^<-ni5<0:15> -2 
(RR14)<0:22>)-<-PC SEGMENT 
PC SEGMENT«-dst<24:30> 
PC OFFSET^st<0:15> 

Oporation (non-segmented) 

R15<0:15>«-R15<0:15>-2 
(R15<0:15>)fc-Upclated PC 
PC«-d9««0:15> 

In the system mode the system stack 
pointer (R15' or RR14') Is used Instead of 



The program return address (i.e., the 
updated contents of PC) Is pushed onto 
the stack addressed by the Implied stack 
pointer register (R1 5 non-segmented, 
RR14 segmented). The new program 
counter address is then loaded to transfer 
control to the subroutine. The new 
address is determined by theiv^)licat>le 
addressing mode. 

In the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destination 
register. 



Flags 

C Z 



P/V DA 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



5-22 



CALR 



CALL pi&RNjtte raiaUve 
CALR LAB 



CALR 



Version 



Mnemonic and Form 

CALR LAB 



RA NS.S ll i1 lOil I 



DISPUCEMENT 



Clocks 
1 t«,15 



Operation (segmented) 

R15 <0:15>«-R15<0:15>-2 
(RR14<0:22>)«-Updated PC OFFSET 
R15<0:15>*-R15<0:15> -2 
(RR14<0:22>)'.-PC SEGMENT 
PC OFFSET«-Up<lated PC OFFSET- 
2x displacement 

Operation (non-segmented) 

R15<0:15>'^R15<0;15> -2 
(R15<0:15>)«-Updated PC 
PC4-Updatod PC-2X displacement 

in the system mode the system stack 
pointer (R15' or RR14') Is used Instead of 
the normal stack pointer. 



Description 

The program return address is pushed ' 
onto the stacl< addressed by the ImpllMi 
stacl< pointer register (R15 non- 
segmented, RR14 segmented in the 
normal mode). The signed 12-bit 
displacement field of the instruction is sign 
extended and left shifted (word aligned) 
before being subtracted from the updated 
PC (return address). The result is then 
loaded into the program counter to 
produce a jump address. The program 
counter segment number remains 
unaltered. The range of the relative call is 
-2047 to -t-2048 words with respect to 
the updated PC. 



Assembler Natation 

The label LAB is an address which is 
used by the assembler to generate the 
displacement relative to the updated PC. 
A LAB which results in a displacement 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z 



P/V DA H 



Flags are not affected. 



- = Unaffected 
1 = Set 
= Cleared 

* = Condittonal - see description 



5^23 



CLR 



CLR dst 



CLR 



IR 
IR 

DA 
DA 

DA 



Vsrslon Mnemonic and Form 

_ CLR Rd 

N^ S , l yiiQ ■ ■ 1 1 1 1 1 1 1 Rd 1 1 . Oi Oj 01 



NS 

NS 
SSO 

SLO 
SSO 



SLO 



Clocks 

7 



CLR RdT 

|0iOi0iOi1i1|0il| Rd hiOiOiOl 

CLR RRdT 

|0i0i0i0i1i1jj0tll RRd hiOiOiOl 

CLR l^EL 

Oi I'i'Silirf li lOi 1 lOiOiOiOh lOiOiO 



ADDRESS 



CLR LABSSO 






1,0,0,1,1,0,1 


0,0,0, oh ,0 











SEGMENT 


OFFSET 


CLR LABEL 





1|0|0|1|1|0|1 


0,0,0,011,0 








1 


SEGMENT 




OFFSET 


CLR LABEL (Rx) 





1 i0,0,1 , 1 ,0,1 


Rx^ 1 1 , 








ADDRESS 



CLR LABSSO (Rx) 





1 , 1 , 1 1 1 , 1 ,1 


Rx ^ h ,0,0,0 




••. 'glGMlMT 


OFFSET 



CLR LABEL (Rx) 






1 ,0,0,1 ,1,0,1 


Rx ft 1 1 1 1 J 








1_ GFFSiT 



11 



12 



14 



12 



12 



15 



Operation 

dst<0:15> "-O 



Description 

The 16 bits of the specified destination 
word are replaced with zeros. The 
original contents of the destination are 
lost The destination Is determined by the 
applicable addressing mode. 

In the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destination 



Flags 

C Z 



P/V DA H 



Flags are not affected. 



- - Unaffected 

1 = Set 

= Cleared 

♦ = Conditional - see description 



5-24 



CLRB 



CLBB 



Mode 

R 



IR 
IR 

DA 
DA 

DA 



Version Mnemonte and Form 

CLRB Rbd 

NS, S h |0]0|0|1 |1 iOiOl 



Clocks 



NS 



1^ 



SSO 



SLO 



NS 



SSO 



SLO 



Rbd I 1 I 1 1 1 7 



CLRB RdT 

lO.O.OiO.I, 1,0.01 Rd iltfltOiJi 

CLRB RRdt 

|OiOiOiOi1i1iOiO| RRd 1 1 I 1 1 1 

CLRB LftBiL 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 oTo 



ADDRESS 



CLRB LABSSO 






1,0, 0,1, 1,0,0 


0,0,0i0|l,0,0i0 





SEGMENT 


OFFSET 



CLRB LABEL 



CLRB LABEL (Rx 



0, 1 iPiO, 1 I 1 lOiOl Rx 11 ,0,0,0 



ADDRESS 



CLRB LABSSO (Rx) 






1 |0|0,1 ,1,0,0 


Rx ?^ 1 1 1 , 1 





SEGMENT 


OFFSET 


CLRB LABEL (Rx) 





1 ,0,0, 1 , 1 iO,0 


Rx ?^ |l 1 1 ^ 


1 


SEGMENT 




OFFSET 



8 
11 

1? 






1 ,0,0,1 ,1 ,0,0 


OiO,OiOll ,o,o,ol 


1 


SEGMENT 




OFFSET 1 



12 



12 



15 



Operation 

dst<0:7> <- 



Description 

The eight bits of the specified destination 
byte are replaced with zeros. The original 
contents of the destination are lost.The 
destination is determined by the 
applicable addressing mode. 

in the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destinertion 
register. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



COM 



COMPLeilENTword 

GOMdst 



COM 



IR 
IR 

DA 

DA 

DA 



VmsIoii MrMinonlc sfNI Fi&fin 

COM Rd 

NS, S II1O1O1O1I1I1O1II 



Rd lOiOiOiOl 



Clocin 

7 



COM Rdt 

NS feiOiOiOi1i1iOil| =»fM MiOiOiOl t2 

COM BRdt , _ 

COM UABft v^ 'J 

s ;» , jSU ,1,01 1.1 tO 1 1 1 1 1 1 1 1 1 1 



ADDRESS 



COM LABSSO 



SSO 



SLO 



NS 



SSO 



SLO 






1.0,0,1,1,0,1 


0,0,0,0 10,0,0,0 





SEGMENT 


OFFSET 


COM LABEL 





1,0|0|1|1,0|1 


Oi0i0,0l0i0i0i0 


1 


SEGMENT 




^^^^ 



OFFSET 



COM LABEL (Rx) 

• 0. 1 1 ■ 0, 1 ■ 1 ■ , 1 I Rx ^ tOtO.0 1 6 



ADDRESS 



COM LABSSO (Rx) 






1|0|0,1|1|0|1 


Rx 5^ 1 1 , 1 





SEGMENT 


OFFSET 


COM LABEL (Rx) 





1,0,0,1.1,0,1 


Rx 5^ lOiOiOiO 


1 


SEGMENT i 




OFFSET 



15 



16 



16 



16 



19 



OpwaUon 



dst<0:15> •^<tet<0:15> 



Description 

The contents of the destination word 
operand are complemented. The original 
contents of the destination are lost. The 
de^9niation operand is determined by the 

applicable addressing mode. 

In the IR mode RO (or RRO) can be desig- 
nated as the general-puipose de^nation 
register. 



Flags 

C Z S P/V DA H 



Z: Setto f ?f result is zero. Reset otherwise. 
S: Set to 1 if result is negfrtive. Reset otherwise. 



- = Unafiaidsd 
1 = Set 
= Cleaned 

* = Condatotia) - ^ WMPeri 



5-26 



COMB 



COMB 



Mode 

R 



IR 
IR 

DA 
DA 

DA 



Verston 

NS, S 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



Mnemonic and Form 

COMB Rbd 



Clocks 



|1 iOiQiOil i1 lOiOl Rbd lOiOiOiOl 7 



COMB Rdf 

lOiOiOiOil ]1 lOiOl Rd lOiOiOrOl 

COMB RRdt 

|0i0i0i0i1i1i0i0l RRd |0|0|0 0| 

COMB LABEL 

1 1 I I Q r 1 I 1 I I I I I I I I 0|0|0 



ADDRESS 



COMB LABSSO 






1 ,0,0,1 ,1 ,0,0 


0,0,0,0|0, 0)0,0 





SEGMENT 


OFFSET 


COMB LABEL 





1|0,0|1|1|0|0 


0|0|0|0|0j0i9,|0 


1 


SEGMENT 




OFFSET 


COMB LABEL (Rx) 





1 |0|0|1 |1 lOlO 


Rx / |0|0,0|0 


ADDRESS 



COMB LABSSO (Rx) 






1,0,0,1,1,0,0 


Rx 1 1 0| 1 





SEGMENT 


OFFSET 


COMB LABEL (Rx) 





1,0, 0,1,1, 0|0 


Rx ?^ 1 i^Oj 1 


1 


SEGMENT 




OFFSET 



12 



12 



15 



16 



18 



16 



16 



19 



Operation 



dst<0:7> <- dst<0:7> 



Description 

The contents of the d^ination byte 
operand are complemented. Thfroriginal 
contents of ttie destination are lost. The 
destination operand is determined by the 

applicable addressing mode. 

In the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destination 
register. 



Flags 

C Z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



Z: Set to 1 if result is zero. Reset otherwise. 
S: Set to 1 if result is negative. Reset othenwpe. 
P/V: Set to 1 if parity of result is even. ResetothetWls 



COMPLG 



coupmmmjwims 

C0MFl4©WST 



COMFLG 



Mode 



Version 



NS, S 



Mnemonic and Form 

COMFLG LIST 

|liOiOiOi1i1iOi1iCiZiSPV|Oi1iO]l| 



CiOCilS 



Operation 

FCW<C;Z|S;P/V>.?-FCW<C2;S;PW> 
(9eede9|ii|yonjbiow) - 



, 1 



Description 

The CPU flags C, Z, S and P/V are complemented or,unaltei«d, acgprdii^ to the bit settings in-the Ji^frO^^ field as^psGrit)ed in , . 

the table below. 



Instruction Bit 


If = 


If = 1 


Assembler 
Notation 


7" 


No Effect 


Complement C Flag 


CY 


6 


No Effect 


Complement Z Flag 


ZR 


5 


No Effect 


Complement S Flag 


SGN 


4 


No Effect 


Complement P/ V Flag 


PY or OV 



Assembler Notation 

The assembler notation LIST refers to a list of any or all of the tsjlowing reserve^j^Mai^,^separated by commas: CY, ZR, SGN, PY 
or OV. Note ttiatPY and OV affect the same flag (P/V). , 4-- ' • 



Flags 

C Z 



S P/V H 



See above. 
H: Undefined. 



1 = Set 
= Cleared 

* = Conditional - see mesc^flSmt 



S-26 



CP 



W RS» m 



CP 



ModB 

R 

IM 

IR 
IR 

DA 
DA 

DA 



X 



Version Mnemonic in$ Form 

CP Rd, Rs 



Cioieke 



NS.S 
NS, S 
NS 

s 

NS 
SSO 

SLO 

NS 

SLO 



1, 


OiOiOil ,0,1 |1 


Rs 1 


Rd 


4 


CP Rd, IM 











OiO,0|1|0|1|1 


OiOiOiOl 


Rd 


7 


OPERAND 


CP Rd, Rst 











0,0,0,1 ,0,1,1 




—ad - 


7 


CP Rd, RRst 











OiO,04l ,0,1 ,1 1 RRs / 1 


Rd 




CP RELABEL 











1,0|0,1,0,1,1|0,0,0,0| 


Rd 




ADDRESS 


CP Rd, LABSSO 











1,0,0,1,0,1,1 


0,0,0,0| 


Rd 


- 10 





SEGMENT 


OFf^ET-.. 


CP Rd, LABEL 











1,0,0,1,0,1,1 


0,0|0,0| 


Rd 




1 


SEGMENT 




12 


OFFSET 




CP Rd, LABEL (Rx) 











1,0,0,1,0,1,1 


Rx 1 


Rd 


10 


ADDRESS 


CP Rd, LABSSO (Rx) 











1,0,0,1,0,1 ,1 


Rx ?t 1 


Rd 


10 





SEGMENT 


OFFSET 


CP Rd, LABEL (Rx) 











1,0,0,1,0,1,1 


RXT^O 1 


Rd 




1 


SEGMENT 


K««K-K-:-:-K-:-x.K-:->»K':':-: 


13 


OFFSET . - . 





Use the result of Rd<0;15>-src<0:15> 
to set flags. 



AO 



Description 

The source word operand is compared 
by subtraction with the contents of a 
general-purpose word register designated 
by the Rd field of the instruction. The 
source operand is determined by the 
applicable addressing mode. Both the 
source contents and destination contents 
»e uflfflteWf. I 



Flags 

c z 



P/V DA H 



— ^ Unaffected 

1 = Set 

= Cleared 

♦ = Conditional - see description 



C: Reset on lisnf •fcaiiti most significant bit of result. Otherwise set to 1 , 

indicating a borrow. 
Z: Set to 1 if result is zero. Reset Ottierwise. 
S: Set to 1 if result is negative: Reset otherwise. 
P/V: Set to 1 on arlthtnetle overflew. Reset otherwise. 



I COMPARE IMMSHA'^ mr6^ memory I 








1 lOiOil 1 1 lOi 1 


OiOiOiO|OiOiO|1 


DA - ^ sso 





SEGMENT 


OFRSEE 




OPERAND 



IR 

IR 

DA 



Version 



NS 



Mnemonic and Form 

CP RdT, IM 



OiOiOiOi1 |1 iO,1 



Rd 



OPERAND 



lOiOiOil 



Clocks 



n 



CP RRdT, IM 
I0i0i0i0^1|1i0ill 



RRd I ] I I 1 I 14 



NS 



CP l-ABEL, iM 

Oi1iOiOi1i1iOi1 lOi OiO,OliriliO~ 



ADDRESS 



CP iJVBSSO, IM 



CP LABEL, IM 



DA 



NS 



SSO 



SLO 






1|0|0|1, 1,0,1 


OjOiOiO|0,0|0,1 


1 


SEGMENT 




OFFSET 


OPERAND r--~— ; 


CP LABEL (Rx), IM 







liO, 0,1, 1,0,1 


f{K*0 iOiOtO, 1 


ADDFIESS 


OPERAND - _ 



CP LABSSO (Rx), IM 






1,0,0,1,1,0,1 


Rx 1 1 1 1 1 





SEGMENT 


OFFSET 


OPERAND 


CP LABEL (Rx). iM 





1,0|0|1|1|0,1 


Rx si J ^ 1 1 1 


1 


SEGMENT 





OFFSET 



OPERAND 



14 



IS 



17 



15 



15 



18 



Operation 

Use result of dst<0:15>-src<0:15> 
to set flags (see below). 

. "oTb 



Description 

Ttie immediate source word operand is 
compared with tfie destination word 
operand. Tfie comparison is acfiieved by 
subtraction. Tfie destination operand is 
determined by tfie applicable addressing 
mode. The contents of the destination 
operand , are unaltered and the only 
actlofiil to s6t the flags as described 
below. 

In the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destination 

register. j 

' To) 



0, t 



Flags 

C Z 



P/V DA 



Unaffected « 

1 = Set 
= Cleared 

* " CondHloffial - see rl^^er^stion 



'■«0^nipeset on carry from most significant bit of result. Otherwise set to 1 , indicating a borrow. 
Z: Set to 1 if result is zero. Reset otherwise. , ~ 

S: Set to 1 if result is negative. Reset otherwise. — - 

fW: S^1m VoiSi 0Mm»t^mie0Bi*i- Beset aOieriMse. 



5-30 



CPB 



CPB 



Mode 

R 

IM 

IR 
IR 

DA 
DA 

DA 



Version 



SSO 



SLO 



Mnemonic and FOrm 

CPB Rbd, Rbs 



NS, S 


1 


OiOiO|1 |0,1 





Rbs 1 


Rbd 1 


CPB Rbd, 1Mb 


KIC C 
No, O 





0,0,0,1 ,0,1 




0,0,0,0| 


Rbd 


7 


OPERAND 





7 OPERAND 




CPB Rbd, Rst 








NS 





OiOiOi 1 iOi1 





Rs ^ 1 


RM J 




CPB Rbd, RRsT 








S 





0,0,0,1 , 1 1 




RRs ? 1 


Rbd 




CPB Rbd, LABEL 








NS 





1 fO.Oil ,0,1 





OiOiOiOl 


Rbd 


ADDRESS 




CPB Rbd, LABSSO 








SSO 





1 lOiCI ,0,1 





0,0,0, ol 


Rbd 





SEGMENT 


OFFSET 




CPB Rbd, LABEL 













1 lO, 0,1 ,0,1 





.9..!..?..i.XU 


Rbd 


SLO 


1 


SEGMENT 




wm 




OFFSET 




CPB Rbd, LABEL (Rx) 






NS 





I1O1O1I ,0,1 


|0 


Rx # I 


"Rbd 


ADDRESS 



Cioclcs 

4 



CPB Rbd, LABSSO (Rx) 






1,0,0,1,0,1,0 


Rx 5^ 


Rbd 





SEGMENT 


OFFSET 


CPB Rbd, LABEL (Rx) 





1,0,0,1,0,1,0 




Rbd 


1 


SEGMENT 






OFFSET 



10 



12 



10 



10 



13 



Operation 

Use result of Rbd<0:7>-src<0:7> 
to set flags. 



Description 

The source byte operand is compared by 
subtraction with the contents of a 
general-purpose byte register designated 
by tKe Bbd field of the Instruction. The 
source operand Is determined by the 
applicable addressing mode. Both the 
source contents and destination contents 
are unaltered. 



Flags 

c z 



P/V DA 



- = Unaffected 

1 = Set 

= Cleared 

ii = Conditional - see description 



0: Reset on carry from most significant bit of result. Otherwise set to 1 , indicating 

a borrow. 

Z. Set to 1 if result is zero. Reset otherwise. 
S: Set to 1 if result is negative. Reset otherwise. 
P/V: S^ to 1 on aiWHtiefic o^MloM. iHeset ottterwise. 



5-31 



COMPARE WMEDWTE byte si* memory 
CPS dst, 1Mb 



CPB 



Mode 


Vmien 


Mmnwiiie ami Porm 

CPB Rdt, 1Mb 






IR 


NS 


OiOiOiOi1|1jOlO 


Rd 1 1 1 1 1 


7 OPERAND 


7 


OPERAND 



IR 



DA 



DA 



DA 



X 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



Clocks 



11 



CPB RRdT, 1Mb 

|0i0i0i0i1i1|0i0l RRd |0|0|Q|1| 

CPB LABEL. 1Mb 






liOiOil iliOiO 


OiOiOiOlOiOi 





1 


ADDRESS 


7 


OPERAND 1 7 OPERAND 







CPB LABSSO, 1Mb 





1 lOiO, 1 , 1 ,0,0 


1 1 , 1 1 





1 





SEGMENT 


OFFSET 


7 


OPERAND 


7 OPERAND 







CPB LABEL, 1Mb 





1iOiO|1i1iOiO 


1 , 1 1 , 





1 


1 


SEGMENT 




OFFSET 


7 


OPERAND 


7 OPERAND 







CPS LABEL (Rx), 1Mb 











1iOiOi1i1iOiO| RxyO lOiOi 





1 


ADDRESS 


7 


OPERAND 


7 OPERAND 







CPB LABSSO (Rx), 1Mb 





1 |0|0| 1 1 1 |0|0 


Rx ?i 1 1 





1 





SEGMENT 


OFfSET 


7 


OMIRANO 


7 OPBR/W 




6 


CPB LABEL (Rx), 1Mb 





1,0,0,1,1,0,0 


Ry. 1 1 





1 


1 


SEGMENT 




OFFSET 


7 


OPERAND 1 7 OPERAND 








11 



14 



15 



17 



15 



15 



18 



Operation 

Use result of dst<0:7>-src<0:7> 
to set flags. 



Deeeription 

The immediate source byte operand is 
compared by subtraction with the 
d^tination byte operarid. The destination 
"JI^SliM is determined by the applieable 
ajKt^#hg mode. The contents of ttie 
(ieslillation operand are unaltered. 

In the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destination 



Flags 

C Z 



P/V DA 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see de^ription 



C: Rsset on carry from most significant bit of result. Othenwise set to 1, indicating 
a tx>rrow. 

Z: Set to 1 if result is zero. Reset otherwise. 
S: Set to 1 if result is negative. Reset otherwise. 
P/V: Set to 1 on arithmetfc overflow. Reset otherwise. 



CPD 



QOMFAPE r^istir 19 Rwpory ^KioftL^u^^ 



CPD 



Version Mnemonic and Fbnn 



IR NS 



IB s 



1,0|1|1 


1iO,1,1 


Rs 


1,0,0,0 


1 1 1 


Rc 


Rd 


CC 


CPD Rd, RRst, Rc, CC 


1,0,1,1 


1,0,1,1 


RRs 


1 iO,0,0 


0,0.0,0 


Rc 


Rd 


CC 



20 



20 



Operation 

If result of Rd<0:15>-src<0:15> meets 
CC condition in instruction, then Z flag'<-1. 
Rs<0:1&>«-^<0:15> -2 
Re<0il5»»«^-Rc<O:1 5> - 1 



Description 

The source word operand is compared to 
the destination word operand by 
subtraction. The destination operand is 
the co'ntents of the general-purpose word 
register designated by the Rd field of the 
instruction. The source operand is a word 
in memory addressed by the general- 
purpose register designated by the Rs (or 
RRs) field of the instruction. Both source 
and destination operands are unaltered, 
and the only action is to set the flags. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of Rs are decremented by two. 

RO can be designated as the general- 
purpose source register. 



Flags 

z 



P/V DA 



Z: Set to 1 If a comparison matches condition specified in CC field. Reset otherwise. 
P/V: Set to 1 if result of decrementing Rc is zero. Reset otherwise. 



— = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



CPDB 



COMPARE register to memory byte, autodecrement 
CPDB Rbd. src, Rc. CC 



CPDB 



Mnemonic and Form 

CPDB Rbd, RsT, Rc, CC 



IR NS 



IR 



1,0,1,1 


1,0,1,0 


Rs 


1,0,0,0 


0,0,0,0 


Rc 


Rbd 


CC 


CPDB Rbd, RRst, Rc, CC 


1,0,1,1 


1,0,1,0 


RRs 


1,0,0,0 


0,0,0,0 


Rc 


Rbd 


CC 



Docks 



20 



20 



Operation 

If result of Rbd<0:7>-src<0;7> meets 
CC condition In Instruction, ttien Z flag*|-t^ 
Rs<0:15>f-Rs<0:15>-1 
^|tefCQ^>«-Rc<0:1 5> - 1 



Dmcilirtion 

The source byte operand is compared to 
the destination byte operand by 
subtraeOon. The destination operand is 
the contents of the general-purpose byte 
register designated by the Rbd field of 
the insbtiction. The source operand Is a 
byte in memory addressed by the 
general-purpose register designated by 
the Rs (or RRs) field of the Instruction. 
Both source and destination operands are 
unaltered, and the only action Is to set the 
flags. The contents of the general- 
purpose register designated by the Rc 
field of the instruction are decremented by 
one. The obMhlb of Rs are decremented 
l}y one. 

RO can be designated as the general- 
purpose amm register. 



Flags 

C z 



PA/ DA H 



Z: Set to 1 if a comparison matches condition specified in CC field. Reset otherwise. 
ppfi Set t@ T#fMlt ef de^remehing Ftc is zero. Reset otherwise. 



- = Unaffected 

1 = Set 
= Cleared 

* = Conditioniri - see description 



5-34 



CPDR 



CPDR 



Mode 

IR 

IR 



V«raien 



NS 



Mnamonle and- Form 

CPDR Rd, RsT, Rc, CC 



1 iO,1 i1 


1|0|1|1 


Rs 


1,1,0,0 


OlOiOlO 


Rc 


Rd 




CPDR Rd, RRst, Rc, CC 


I1O1I1I 


1 lOi 1 , 1 


RRs 


1,1|0|0 


OiOiOiO 


Rc 


Rd 


..CC 



11 + 9n* 



11 + 9n' 



•n Is the number of iterations. 



Oparatien ^-j : 

If Rd<0:15>-src<0:15> meets CC 
condition in instruction, then Zflag<-1. 
RiB<0:1S>*-Ris<Ot15> -2 
Rc<0:1SV<-Rc<0:15> - 1 
Repeat until termination. 



Description 

The source word operand is compared to 
the destination word operand by 
subtraction. The source operand is a word 
in memory addressed by the general- 
purpose register designated by the Rs (or 
RRs) field of the instruction. The 
destination operand is the contents of the 
general-purpose word register designated 
by the Rd field of the instruction. Both 
source and destination operands are 
unaltered and the only action is to set the- 
flags. The contents of the 
general-purpose register designated by 
the Rc field of the instruction are 
decremented by one. The contents of Rs 
are decremented by two, and the 
operation will repeat until termination. 

Termination occurs when either the 
contents of Rc are zero or CC condition is 
met. This instruction is interruptible. 

RO can be designated as the gemeral- 
purpose source r 



Flags 

c z 



P/V DA H 



Z: Set to 1 if a comparison matches condition specified in CC field. Reset otherwise. 
P/V: Set to 1 if result of decrementing Rc is zero. Reset othenwise. 

■ i-. j_ 



1 


* 



Unaffected 
Set 

Cleared 
Conditional 



see description 



CPPRB 



QOMPARE<F«@ister to mem^ipBt auteclBctenwit 



GPDRB 



Mode 



IR 



IR 



Version 



NS 



Mnemonic and Form 

CPDRB Rbd, RsT, Rc, CC 



Ci0Cl(S 



1 lOil ,1 


1 jOil lO 


Rs 


1 1 1 lOiO 


1 1 1 


Rc 


Rbd 




CPDRB Rbd, RRst, Rc, CC 


liOilil 


1|0|1|0 


RRs 


1,1,0,0 


OiOiOiO 


Rc 


Rbd 


ec 



11+ an* 



11 .*:9n* 



*n is Ihe number of iterations. 



i:., if.j.jt.- tliv. 

, '1^ irlv. i>iij: ■• i 



Fiags 

C Z 



Operation 

if Rbd<0:7>-src<0:7> meets CX; 
condition in instruction, ttien Z flag«-1. 
Rs<0:15>«-Rs<0:15>-1 
Rc<0:15>'<-Rc<0:15> - 1 
Repeat until termination. 



Descrtptton 

The source byte operand is compared to 
the destination byte operand by 
subtraction. The source operand is a byte 
In memory addressed by the general- 
purpose register designated by the Rs 
(or RRs) field of the instruction. The 
destination operand is the contents of the 
general-purpose byte register designated 
by ttie Rtxl field of the Instruction. Botti 
source and destination operands are 
unaltered and ttie only action is to set ttie 
flags. The contents of the general- 
purpose register designated by tfie Rc 
field of the Instruction are decremented by 
one. The contents of Rs are decremented 
by one, and tfie operation will repeat untii 
termination. 

Termination occurs when either the 
contents of Rc are zero or CC condition is 
met. This instruction is interruptible. 

RO can be designated as the general- 
purpose source register. 



P/V DA 



':Z' Set t6 1* if a comparison nlatefies condition specified in CC field. Reset othenwise. 
^^^flPW^ set to t M »Mult<A (tKr^rncMtg l%! zero. 



1 =Set 
= Cieaisd 

* = CondiUonal - ste :i(i»s^ptton 



CPI 



cm 



Mode 



IR 



IR 



Version 



NS 



Mnemonic and Form 






Clocks 


Operation 


CPI Rd, RsT, Rc, CC 








If result of Rd<0:15>-src<0:15> meets 


1,0,1,1 


1,0,1,1 


Rs 


0,0,0,0 




CC condition In instruction, then Z flagt— 1 


0|0|0|0 


Rc 


1m 


JSC 




Rs<0:15>'^Rs<0;15>+2 


CPI Rd, RRsT, Rc, CC 








Rc<0:15>*-Rc<0:15>-1 


1 |0,1 1 1 


1,0,1,1 


RRs 


I 0,0,0 






0,0,0,0 


Rc 


-ftd 







Description 

The source word operand is compared to 
the destination word operand by 
subtraction. The destination operand is 
the contents of the general-purpose word 
register designated by the Rd field of the 
instruction. The source operand is a word 
In mennory addressed by the general- 
purpose register designated by the Rs (or 
RRs) field of the instruction. Both the 
source and destination operartds are 
unaltered and the only action is to srt the 
flags. The contents of the 
general-purpose register d^ignated by 
the Rc field of the instruction are 
decremented by one. The contents of Rs 
are incremented tsy two. 

RO can be designated as the general- 
purpose source register. 



Flags 

C Z 



P/V DA H 



Z: Set to 1 if a comparison matches condition specified in CC field. Reset otherwise. 
PA/: Set to 1 if resultof.^ecremepsing Rc is zero. Reset otherwise 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditioned 



see description 



CPIB 



COMPARE ragi^tsiimirt^i^idllbindmti^ 
CPIB FSxIi'sre; Rc, CC 



CPIB 



Mod* 

IR 

IR 



Version Mnemonic and Form 



NS 



1.0,1.1 


1.0,1.0 


. B» _ 




OlOiOlO 








CPIB Rbd, RRst, Rc, CC 


I.Oilil 


1 .Oil ,0 


RRs 


9 1.9.1 0,1 9 


. . 1 


Rc 


rtbd 





Clocks 



80 



3.0 



Operation 

If result of Rbd<0:7> -src<0;7> meets 
CC condition in instruction, then Z flag«-1. 
Rs<0;15>«-Rs<0:15> + 1 
Rc<0:15><-Rc<0:15>-1 



Description 

The source byte operand is compared to 
the destination byte operand by 
subtraction. The destination operand is 
the contents of the general-purpose byte 
register designated by the Rbd field of the 
instruction. The source operand is a byte 
in memory addressed by the general- 
purpose register designated by the Rs 
(or RRs) field of the instruction. Both the 
source and destination operands are 
unaltered, and the only action is to set ttte 
flags. The contents of the 
general-purpose register designated by 
the Rc field of the Instruction are 
decremented by one. The contents of Rs 
are incremented by one. 

RO can be designated as the general- 
purpose source register. 



Flags 

C 



PA/ DA H 



Z: Set to 1 If a comparison matches condition specified in CC field. Reset otherwise. 
Mill Hf^'iSetfO'l if rtisult«>f deorem^'ng Rc is zero. Reset othenwise. 



- = Unafteeted 
1 ==Set 
= Cleared 
* = Condittonat 



see description 



5-38 



CPIR 



CPIR 



Mode 

IR 

IR 



Version 



NS 



Mnemonic an^ Form 

CPIR Rd, Rst, Rc. CC 



1,0,1,1 


1,0.1,1 


Rs 


Oi 1 lOiO 


OlOiOlO 


Rc 


Rd / 


' CC 


CPIR Rd, RRsT, Rc, CC 


1,0,1,1 


1 |0|1 |1 


RRs 


Oi 1 ,OjO 


OiOiCO 


Rc 


Rd 


CC 



Cloeke 



11 + 9n* 



11 + 9n* 



*n Is the number of iterations. 



Qperytton 

If Rd<0:15>-src<0:15> meets CC 
condition In Instruction, then Z flag4-1. 
Rs<0:16>«-Rs<0:1 5> +2 
Rc<0:1 5>«-Rc<0:15> - 1 
Repeat until termination. 



Description 

The source word operand Is compared to 
the destination word operand by 
subtraction. The source operand Is a word 
in memory addressed by the general- 
purpose register designated by the Rs 
(or RRs) field of the Instruction. The 
destination operand is the content of the 
general-purpose word register designated 
by the Rd field of the instruction. Both 
source and destination operands are 
unaltered and the only action is to set the 
flags. The contents of the general- 
purpose register designated by the Rc 
field of the instruction are decremented by 
one. The contents of Rs are incremented 
by two. The operation will repeat unW 
termination. 

Termination occurs when either the 
contents of Rc are zero or CC condition is 
met This instruction is interruptible. 

RO can be designated as the general- 
purpose source register. 



Flags 

C Z 



P.V DA 



Z: Set to 1 if a comparison matches condition specified in CC field. Reset otherwise. 
P/V: Set to 1 if result of decrementing Rc is zero. Reset otherwise. 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditional - 



see description 



(iOMPARl nagMBr to tmim^ iyiB, ammmiak'mi 
CPiRBWi m, m, cc 



CPIRB 



Mode 



IR 



IP 



Vsrslon 



NS 



Mnemonic and Form 

CPIRB Rbd, Rst, Rc, CC 



1 I011 ,1 


1 .0.1 lO 


Rs 


Oil lOiO 


OlOiOlO 


Rc 


i%d 


m 


CPIRB Rbd, RRst, Rc, CC 


1.0.1,1 


1.0.1.0 


RRs 


0.1 lOiO 


OiOiOiO 


fte 


rm ^ 





Clocks 



11 + gri- 



ll + 9n* 



*n is the number of itemilons. 



Operation 

If Rbd<0:7>-src<0;7> meets CC 
condition in instruction, then Z flag<-1. 
Rs<0;15>^Rs<0:15> + 1 
Rc<0:15>*-Rc<0:15>-1 
Repeat until termination. 



DeserlpttCMi 

The source byte operand Is compared to 
the destination byte operand by 
subtraction. Ttie source operand is a byte 
in memory addressed by the general- 
purpose register designated by the Rs 
(or RRs) field of the instruction. The 
destination operand is the corrtents of the 
general-purpose byte register designated 
by the Rbd field of the instruction. Both 
source and destination operands are 
unaltered and the only action is to sef tfe 
flags. The contents of the general- 
purpose register designated by Rc 
field of the Instruction are decremniod 1^ 
one. The opntents of Rs are Incremented 
by one, arMi the operation will repeat until 
termination. 

Termination occurs when either the 
contents of Rc are zero or CC condition Is 
met. This Instruction Is lnterruptS>le. 

RO can be designated as the general- 
purpose source register. 



Flags 

C Z 



P/V DA H 



Z: Set to 1. If a comparison matches condition specified In CC field. Reset otherwise. 
P/V: ^ t9 1 if result of decrementing Rc is zero. Reset otherwise. 



— = Unalfected 
1 =Bet 
= Cleanad 
* = CondMlonal- 



5-40 



/ 



CPL 









CPL 



Mode 

R 

IM 

IR 
IR 

DA 
DA 

DA 



Version 

NS, S 

NS, S 
NS 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



Mnemonic and Form 

CPL RRd, RRs 



Ili0i0i1i0i0i0i0| ma \. RBd" 



CPL RRd, IM£ 

O1O1O1I iOiOiOiO|OiOiOiOT 



RRd 



31 



OPERANP 



15 



OPERAND 



16 



CPL RRd, Rst 

|OiOiO|1|OiOiOiO| Rs/0 I 



RRd 



CPL RRd, RRst _ 

lOiOfOil lOiOiOiOl RRs;<^Ol RRd 



Cioclcs 

. 8 

14 

14 
14 



CPL RRd, LABEL 

Oil |0|1 |0|0|0|0|0|0|0|0| 



RRd 



ADDRESS 



CPL RRd, LABSSO 






1 |0|1 |0|0|0|0 


1 1 1 1 RRd 





SEGMENT 


OFFSET 


CPL RRd, LABEL 





1 1 1 1 1 1 1 1 




1 


SEGMENT 




OFFSET 



CPL RRd. LABEL (Rx) 

Oi1i0i1i0i0i0i0| Rx?<0 



RRd 



ADDRESS 






1 1O1I lOiOiOiO 


Rx # 1 RRd 





SEGMENT 


OFFSET 


CPL RRd, LABEL (Rx) 





1iOi1iOiO|OiO 


Rx ?t 1 RRd 


1 


SEGMENT 




OFFSET 



IS 



16 



18 



16 



16 



Operation 

Use result of RRd<0:31 > -src<0:31 > 
to sti flags. 



Description 

The source long word operand Is 
compared by subtraction with the contents 
of a general-purpose register pair 
designated by the RRd field of the 
instruction. The source operand Is 
determined by the applicable addressing 
mode. Both the source contents and 
destination contents are unaltered. 



Flags 

C Z 



P/V DA H 



- = Unaffected 
1 = Set 
= 
* = 



C: Reset on carry from most significant bit of result. Otherwise set to 1, indicating 

a txjrrow. 1 
Z: Set to 1 If result Is zero. Reset otherwise. _ 
S: Set to 1 if result Is negative. Reset otherwise. 
P/V: Set to 1 on arithmetic overflow, n^et otherwise. 



Cleared 
Conditional 



see description 



5-41 



CPSD 



COMPARE ,mi^ 0ms»^«*>^i «M6oement 
CPSQ ds^ sie, Be OC 



CPSD 



IR 



IR 



Version 



NS 



Mnamonic and Form 

CPSD Rdt, RsT, Rc, CC 



1|0|1|1 


1,0,1,1 


Rs 


1,0,1,0 


1 1 J 


Rc 


Rd 


CC 


CPSD RRdt, RRst. Rc, CC 


1,0,1.1 


1,0,1,1 


RRs 


1,0,1,0 


OiOiOiO 


Rc 


RRd 


CC 



Clocks 



25 



25 



Operation 

If result of dst<0:15>-src<0:15> meets 
,pp,<midllion in instmction, then Z flag'<-1. . 
T»aO?1B>-i-Rs<0:1 5> -2 
Rd<0:1 5>«-Rd<0:15> -2 
Rc<0:1 5>«-Rc<0:1 5> - 1 



Description 

The source word operand is compared to 
the destination word operand. Both the 
source and destination operands are 
words in memory addressed by the 
general-purpose registers designated in 
the Rd and Rs (or RRd and RRs) fields of 
the instruction. The comparison is 
achieved by subtraction. The contents of 
the general-purpose register designated 
by the Rc field of the instruction are 
decremented by one. The source and 
destination operands are unaltered. The 
contents of the Rs and Rd registers are 
decremented by two. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

C Z 



P/V DA H 



- = (Inatlected 
1 = Set 
= CleaFed 
♦ = CondMend - 



Z: Set to 1 if a comparison matches condition specified in CC field. Reset otherwise. 
P/V: Set to 1 if result of decrementing Rc is zero. Reset otfienwise. 



see description 



5Ht2 



cpsiti 



Mode 



m 



IR 



Version 



NS 



Mnemonic and Form 

CPSDB Rdt, Rsf , Rc, CC 



Clocks 



1 iO,1 i1 


1,0,1 ,0 


Rs . 


1,0,1,0 


OiOjOiO 


Rc 


Rd ' i 


CC ■ 


CPSDB RRdT, RRsT, Rc, CC 


1,0,1,1 


1,0,1,0 


RRs 


1,0,1,0 


1 1 1 


Rc 


RRd . 





2S 



Operation 

If result of dst<0:7>-src<0:7> meets 
CC condition in instruction, then Zflag<-1. 
Rs<0:15>-<-Rs<0:15>-1 
Rd<0:1 5>«-Rd<0:1 5> - 1 
Rc<0:15><-Rc<0:15>-1 



Deserlplien 

The source byte operand is compared to 
the destination byte operand. Both the 
source and destination operands are 
bytes in memory addressed by the 
general-purpose registers designated in 
the Rd and Rs (or RRd and RRs) fields of 
the instruction. The comparison is 
achieved by subtraction. The contents of 
the general-purpose register designated 
by the Rc field of the Instruction are 
decremented by one. The contents of Rs 
and Rd are both decremented by one. 
The source and destination operands are 
unaltered. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

G Z 



P/V DA H 



- • 



Z: Set to 1 If a comparison matches condition specified in CC field. Reset otherwise. 

P/V:- S^it#1j ft imufi 0i00iimmM$: Fte is zero. Reset pthen^^ 



- = Unaffdcted 
1 = Set 
= Cleared 
* = Conditional 



see description 



5-43 



CFSDR 



COMPARE word strings in memory, autodecrement and repeat 
CPSDR dst, src, Rc. CC 



QPSOR 



IR 



IR 



Version 



NS 



Mnemonic and Form 

CPSDR RdT, Rst, Rc, CC 



1 |0|1 |1 


1|0|1|1 


Rs 


1,1,1,0 


1 1 1 


Rc 


Rd 


CC 


CPSDR RRdT, RRsT, Rc, CC 


1iO,1,1 


1,0,1,1 


RRs 


1,1,1,0 


1 1 1 


Rc 


RRd 


CO 



Ctoclcs 



14n* 



11 + 14n* 



*n is the numlier of iterations. 



■ , ■ i"" I, - ■ . '. -. ■ _ 

•■ ■ ■ -v ■ '■ ■'' 

, •iSjlCsM, itil to t)l-, -'< j>r.' vC 



Operation 

If result of dst<0;15>-src<0:15> meets 
CC condition in instruction, then Z flag*-!.,, 
Rs<0:15>-<-Rs<0:15>-2 ' 
Rd<0;15><-Rd<0:15>-2 
Rc<0;15><-Rc<0:15>-1 
Repeat until termination. 



Descrlptien 

The source word operand is compared to 
the destination word operand. Both the 
source and destination opereuids are 
words in memory addressed t>y the 
general-purpose registers designated in 
the Rd and Rs (or RRd and RRs) fields of 
Hte Instruction. The comparison is 
achieved by subtraction. Both source and 
destination operands are unaltered. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of the Rs and Rd registers are 
both decremented by two. The operation 
will repeat until termination. 

Termination occurs when either the 
corrtents of Rc are zero or CC condition is 

met. This instruction is interruptible. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

C 



P/V DA 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



Z: Set td'l a eomp^ison matcties condition specified in CC field. Reset otherwise. 
RA#:' ^ to 1-;lfi fm*M of !(Ssc^emecifir» Re is zero. Reset bthennrise. 'T~ ~"i 



mm 



CPSDRB 



CPSOBB 



IR 



IR 



Version 



MS 



Mnemonic and Form 

CPSDRB RdT, Rst, Rc, CC 



1|0|1,1 


1,0,1,0 


Rs 


1i1.1,0 


OlOiOlO 


Rc 


m ; 


ec 


CPSDRB RRdT, RRsT, Rc, CC 


1,0,1,1 


1,0,1,0 


RRs 




OiOiOiO 


Rc 


mi 





Ciociw 



11 + Mn* 



*n is the number of itsraUons. 



Operation 

If result of dst<0:7>-src<0:7> meets 

CC condition in instruction, tfien Z flag«— 1. 

Rs<0:15>^Rs<0;15>-1 

Rd<0:15>^Rd<0:15>-1 

Rc<0:15>^Rc<0:15>-1 

Repeat until termination. 



Description 

The source byte operand Is compared to 
the destination byte operand. Both the 
source and destination operands are 
bytes In memory addressed by the 
general-purpose registers designated in 
the Rs and Rd (or RFte and RRd) fields of 
the Instruction. The comparison Is 
achieved by subtractton. Both source and 
destination operands are unaltered and 
the only action is to set the flags. The 
contents of the general-purpose register 
designated by the Rc field of the 
Instruction are decremented l>y one. Tfie 
contents of the Rs and Rd registeis are 
both decremented by one. The operation 
will repeat until terminatjon. 

Termination occurs wtien either tfie con- 
tents of Rc are zero or CC condition Is 

met. This instruction is Interruptible. 

RO can be designated as the general- 
purpose source or destinafon register. 



Flags 

C Z S P/V DA 



Z: Set to 1 if a comparison matches condition specified in CC field. Reset otflerwise. 
P/V: Set to 1 If re^lt of^^preiperiting Rc Is zero. Reset otherwise. 



- = Unaffected 
1 = Set 
» Cleared 
* = Conditional 



see description 



5-45 



CPSI 



{SOMPAfR^Minid strings in memory, 
CPSI dst, sre, Rc, CC 



CPSI 



IR 



IR 



Version 



NS 



Mnemonic and Form 

CPSI Rdf , Rst, Rc, CC 



1 iO|1 |1 


1,0,1,1 


Rs 


OiOil ,0 


1 1 1 


Rc 


Rd 


CC 


CPSI RRdt, RRst, Rc, CC 


1,0,1,1 


1,0,1,1 


RRs 


OiOi 1 lO 


1 1 J 


Rc 


RRd 


CC 



Oocks 



25 



25 



Operation 

If result of dst<0:15>-src<0:lS> meets 
CC condition in instruction, ttien Z flagM;; 
Rs<0:1 5>«-Rs<0:1 5> +2 
Rd<0:15>'^Rd<0:15>+2 
Rc<0Ll5>ji-Rc<0:1 5> - 1 



Description 

The source word operand is compared to 
the destination word operand. Both the 
source and destination operands are 
words in memory addressed by the 
general-purpose registers designated in 
the Rs and Rd (or RRs and RRd) fields of 
the instruction. The comparison is 
achieved by subtraction. The contents of 
the general-purpose register designated 
by the Rc field of the instruction are 
decremented by one. The source and 
destination operands are unaltered. The 
contents of the Rs and Rd registers are 
incremented by two. 

RO can be designated as the general- 
purpose source or destiifation register. 



Flags 

C Z S P' V DA H Z: Set to 1 if a comparison matches condition specified in CC field. Reset otherwise. 

- |,| _|_| P/V: ' W^WiV^tMiNlS&iM\Mnii Rfe B zero. Reset otherwise. 



- Unaffected 

1 = Set 
= Cleared 

* = Conditional - see description 



CPSIB 



rpi^g ^ m, Re. @@ 



CPSIB 



Moda 



Varsion 



1^ 



IR 



Mtwmonic and Form 

CPSIB RdT, Rst, Rc. CC 



1,0,1,1 


1,0,1,0 


Rs 


0,0,1 ,0 


Oi 0,0,0 


Rc 


Rd 


CC 


CPSIB RRdt, RRst, Rc, CC 


1,0,1 |1 


1,0,1,0, 


RRs 




0, 0,0,0 


Rc 


RRd . : 





Cloelw 



25 



Oparatlon 

If dst<0:7>-src<0:7> meets CC 
condition in instruction, then Z flag<-1. 
Rs<0:1 5>«-Rs<0:15> + 1 
Rd<0:15>-<-Rd<0:15> + 1 
Re<0:tS>«-TRc<;0:15> - 1 



Deacrtptlon 

The source byte operand is compared to 
the destination byte operand by 
subtraction. Both the source and 
destination operands are bytes in memory 
addressed by the general-purpose 
registers designated in the Rs and Rd (or 
RRs and RRd) fields of the instruction. 
The comparison is achieved by 
subtraction. The contents of the 
general-purpose register designated by 
the Rc field of the instruction are 
deeremented by one. Both source and 
destination operands are unaltered^ The 
contents of the Rs and Rd registers are 
incremented by one. 

RC can be designated as the general- 
purpose source or destination register. 



Flags 



c 


z 


s 


P/V 


DA 


H 




» 




♦"I 







- = Unaffected 

1 = Set 

= Clearefj 

« = Conditional 



Set to 1 it a comp^ison matctjes condition specified jm. CC.'ft^d. Beset otherwise. 



see description 



5-47 



CPSIR 



COMPARE word strings in memory, autoincrement and repeat 
CPSIR dst, src, Rc, CC 



CPSIR 



IR 



(R 



Mnemonic and Form 

CPSIR RdT, RsT, Rc, CC 



1,0,1,1 


1,0,1,1 


Rs 


0,1,1,0 


OlOiOlO 


Rc 


Rd 


CC 


CPSIR RRdt, RRst, Rc, CC 


1,0,1,1 


1,0,1,1 


RRs 


0|1|1,0 


OiOiOiO 


Rc 


RRd 


CC 



11 + 14n« 



11 + 14n* 



*n is the numt>er of iterationa. 



Operation 

If result of dst<0:15>-src<0:15> meets 

CC condition in instruction, then Z flag«-l, 

Rs<0:15><-Rs<0;15>+2 

Rd<0:1 5>'^Rd<0:1 5> +2 

Rc<0:1 5><-Rc<0:1 5> - 1 

Repeat until termination. 



Description 

The source word operarKI Is oomparsd to 
the destination word operand. Botti tiie 
source and destination operands are 
words in memory addressed by the 
general-purpose registers designated in 
the Rs and Rd (or RRs and RRd) fields of 
the instruction. The comparison is 
achieved by subtraction. Both source and 
destination operands are unaltered. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of the Rs and Rd registers are 
both incremented by two. The operation 
wHI lefieel until termination. 

TeminaMn occurs when either the 
contenls lsF Rc are zero or CC condition is 
met. This instruction is interruptible. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

C 2 



P/V DA H 



Z: Set to 1 if a comparison matcties condition specified in CC field. Reset otherwise. 
PA^: Set if resOl Of dearementlng Ftc ts zero. Reset otherwise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 



5^ 



CPSIRB 



COMPARE byM 8tiiiti% 

GPSIRBlit' iCi'Re, CO 



and repeat 



CPSIRB 



IR 



IR 



Version 



NS 



Mnemonic and Form 

CPSIRB RdT, RsT, Rc, CC 



1,0,1,1 


1,0,1,0 


Rs 


P|1|1,0 


, 1 , 


Rc 




oc 


CPSIRB RRdt, RRst, Rc, CC 


1.0,1,1 


1.0.1,0 


RRs 


0.1.1.0 


OiOiOiO 


Rg 


mi 


CC 



Cloeks 



11 + 14n* 



11 + 14n* 



*n is the number of Iter a ti o n s . 



Operation 

If dst<0:7>-src<0:7> meets CC 
condition in Instruction, then Zflag<— 1. 
Rs<0:15>-<-Rs<0:15> + 1 
Rd<0:15><-Rd<0:15> + 1 
Rc<0:15>-(-Rc<0:15>-1 
Repeat until termination. 



Oeaerlptlon 

The source byte operand is compared to 
the destination byte operand. Both the 
source and destination operands are 
bytes in memory addressed by the 
general-purpose registers designated in 
the Rs and Rd (or RFte and RRd) fields of 
the instruction. The comparison is 
achieved by subtraction. Both source and 
destination operands are unaltered and 
ttw only action is to set the flags. The 
coittents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of tlie Rs and Rd registers are 
both incremented by one. The operation 
will repeat until termination. 

Termination occurs when either the 
contents of Rc are zero or CC condition is 
met. This instruction is interruptible. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

C Z 



P/V DA H 









♦ 




I- 















Z: Set to 1 if a comparison matches condition specified in CO field. Reset otfienwise. 
PA': S^ tiy tif recMtrof deeramerittigRcisjsro. Reset c^rwise. 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditional 



see description 



S-49 



Mode 
R 



Version Mnemonic and Form Clocics 

DAB Rbd 

NS. S |1 iOi1 i1 lOiOiOiOl Rbd JO | | 0|0,l 5 



I . r . (• 



Operation 

Rb#«^>erflbd<0:7> + BCD<0:7> 



Description > • . 

A destination byte register, designated by the Rd field of the instruction, is adjusted by the addition of the BCD operand given in 
the table below. This instruction converts a byte (binary representation) into a two digit binary coded decinnal representation, 
foilowing-anarftin 



Preceding 
Arithmetic 
Operation 


CFiag 
Before 
DAB 


dst<4:7> 
(Hex) 


H Flag 
Before 
DAB 


dst<0:3> 
(Hex) 


BCD<0:7> 


C Flag 
After 
DAB 


■ .l^ - ■ \ 


- 


0-9 





0-9 


00 










0-8 





A-F 


06 





ADDB 





0-9 


1 


0-3 


06 







111 

















A-F 





0-9 


60 


1 







9-F 





A-F 


66 


1 







A-F 


1 


0-3 


66 


1 




1 


0-2 





0-9 


60 


1 




1 


0-2 





A-F 


66 


1 




1 


0-3 


1 


0-3 


66 


1 







0-9 





0-9 


00 





SUBB 





0-8 


1 


6-F 


FA 





sam 


1 


7-F 





0-9 


AO 


1 




1 


6-F 


1 


6-F 


9A 


1 



Flags 

C Z S P/V DA H .-b -G: ' Set or reset according to table. 

* I • I • I ^ •! - I - I ti^'-^-if^ Zi Sel|(^t if «^ilfete«M%^tes0othe^ 

' 1 1 ' 1 1 S: Set to 1 If the most significant bit of result isael-BfiS^.Qthenwise. 

- = Unaffected , . . . 

1 = Set 
= Cleared 

* = ConOiticinal - aBe < tea s rt pM !Bn 



5^ 



DBJNZ 



DECREMENT byie rsf lister and prnp @n non^zero 

mammmhm 



DBJNZ 



Mecto 
RA 



Clocks 



erslon MnemonteianA form '"c' 

• <l3aJte RbC, LAB 
IS, S 1 1 1 1 1 1 1 1 I Rbc I 1 DISPLACEMENT I 11 



Rbc<0:7><-Rbc<0:7>-1 
WRc<0:7>?^0, 

then PC«-Updated Pc-2x displacement. 
Otherwise PC«-Updated PC. 



Description 

The contents of the general-purpose byte 
register designated by the Rbc field of the 
instruction are decremented, and If this 
produces a non-zero result, a jump is 
executed. The jump address is obtained 
by subtracting the contents of the 7-bit 
displacement field, which has been left 
shifted (i.e., word aligned) from the 
contents of the updated program counter 
(i.e., incremented by two). The resultant 
address is loaded into the program 
counter and is used as the jump 
destination. The instruction displacement 
field is interpreted as a 7-bit unsigned 
integer. Thus the range of the relative 
jump is zero to -127 words with respect 
to the updated PC. 

If the register decrementation produces a 
zero result, then the contents of the 
program counter are merely updated by 
incrementing by two. 



Assembler Notation 

The label LAB is an address which is 
used by the assembler to generate the 
displacement relative to the updated PC. 
A LAB which results in a displacement 
outside of the allowable range produces 
an assembler error. 



Flags 



c 


z 


s 


P/V 


DA 


H 










MTU 


r-afrn 



Flags are not affected. 



- Unaffected 

1 = Set 
= Cleared 

* = Conditional - see description 



mm 



DEC 



OBQREMEMli vb^' 



Mode 

R 



Version Mnemonic and Form 

NS, S 



Ciocl(s 



DEC Rd, N 

Ili0i1i0i1i0,1il| Rd I n ~1 4 



IR 
IR 

DA 
DA 

DA 



NS 

s 

NS 
SSO 



DEC Rdt, N 

lOiOil 1O1I |0|1 i1 I Rd I 

DEC RRdt, N 



OiOil ,0,1 ,0,1 |1 



RRd 



DEC LABEL, N 

Oi 1 1 1 1O1I lOi 1 1 1 lOiOiOiQl n 



ADDRESS 



DEC LABSSO, N 



•\ I: 1 i 
•if '- 

MS 






111, 0,1, 0,1,1 


1 1 1 1 n 





SEGMENT 


OFFSET 


DECLABili.>i?l. 




LUtiaaiOii 11 loiOiOrol n 


*1 


-.SEGMENT 





OFFSET 



DEC LABEL (Rx), N 



q^ii.tiOiiiO iiii| Rx^o 



ADDRESS 



DEC LABSSO (Rx), N 



SSO 



SLO 






1 |1 ,0,1 ,0,1 |1 


Rx 75 1 n 





SEGMENT 


OFFSET 


DEC LABEL (Rx), N 





1 1 1 |0, 1 ,0, 1 , 1 


Rx 5^ 1 n 


1 


SEGMENT 




OFFSET 



11 



11 



13 



14 



16 



14 



14 



17 



. te« ' ' «>d<iwolt« •ill i- 



Operation 

dst<0:15>«-dst<0:15> - N 



OeserHMam 

A value beMtan 1 tvid 16 is sulstracted 
from the destination operand word and 
the result is loaded back into the 
destination. The desired value to be 
subtracted is specified by the n field, 
where n = corresponds to value one 
and so on, and n = F corresponds to 
value 16. The destination is determined by 
the applicable addressing mode. The 
original contents of the destination are 
lost. 

In the IR mode RO (or RRO) can be 
designated as the general-purpose 
destination register. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
1 to 16, and n = N - 1. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Fl2igs 

C Z 



PA/ DA H 



Z: Set to 1 if result is zero. Reset othenwise. 
S: Set to 1 if result is negative, f^et otherwise. 
P/V: Set to 1 on arithmetic overflow. Reset bttwrvmse. 



- = UnsMected 
1 = Set 
= ClearKi 

* = CondHiorral - see description 



'Miije-sti. 



5^52 



DECB 



DECB 



Mode 

R 



Version Mnemonte ancf'Form 

DECB Rbd, N 



Clocks 



IR 
IR 

DA 
DA 

DA 



NS 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



NS, S |1 I I 1 I I 1 I I 1 ] I Rbd 



DECB Rdt, N 






0|1|0|1|0,1iO 


Rd 1 


n 


11 


DECB RRdt, N 











Oil iO,1 ,0i1 ,0 


RRd 1 


n 


11 


DECB LABEL, N 











1i1|0, 1:0,1,0 


o,o,o,o| 


n 


13 


ADDRESS 


DECB LABSSO, N 











1,1|0,1|0,1,0 


o,o,o,o| 


n 


14 





SEGMENT 


OFFSET 


DECB LABEL, N 











1,1,0,1,0,1,0 


OiOiOjOl 


n J 




1 


SEGMENT 






16 


OFFSET 




DECB LABEL (Rx), N 








, 1 1 1 1 0.1 1 1 , 1 , 


Rx 1 


n 


14 


ADDRESS 


DECB LABSSO (Rx), N 











1,1, 0,1,0,1,0 


Rx 7^ 1 


n 


14 





SEGMENT 


OFFSET 


DECB LABEL (Rx), N 











1i1i0i1i0,1i0 


Rx ^ 1 


n 




1 


SEGMENT 




17 


OFFSET 





dst<0:7>«-dst<0:7> - N 



Description 

A value between 1 and 16 is subtracted 
from the destination byte operand and the 
result is loaded bacl< into the destination. 
The desired value to be subtracted is 
specified by the n field, where n = 
corresponds to value one and so on, and 
n = F corresponds to value 1 6. The 
destination is determined by the 
applicable addressing mode. The original 
contents of the destination are lost. 
In the IR mode RO (or RRO) can be 
designated as the general-purpose 
destination register. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
1 to 16, and n = N - 1 . Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z 



P/V DA H 



Z: Set to 1 if result is zero Reset otherwise. 
S: Set to 1 if result is negative. Reset otherwise. 
P/V: Set to 1 on ariitimetic overflow. - - - 



— = Unpiffectpd 

1 = Set 

= Cleared 

♦ = Conditional - see description 



DISABLi INTERRUPT 

This is a SYSTEM instruction. 



Clocks 



Dl LIST 



NS, S IOi1i1i1i1i1iOiOlOiOiOiOiOiOiViNl 7 



Operation 

FCW<11>^0forN = 
FCW<11>^FCW<11> for N = 1 
FCW<12>^0forV=O 
FCW<12>^FCW<12> for V=1 



Description 

The interrupt enables in the FCW are 
reset to zero depending upon ttie values 

of the N and V bits within the instruction. 
A Valtie of one -in these bit positioiS 
causes the relevant interrupt enaWe to b^^ 
unaltered, and a value of zero causes the 
relevant interrupt enable to be Reset The 
Ml^bsigf^ited V in the instruction controls 
the vectored interrupt enable bit and the 
bit designated N controls the 
non-vectored interrupt enable bit. 







Assembler 


FCW BW* 


Notation 





NVIE/11 


NVI 


1 


VIE/12 


VI 



Assembler Notation 

The- s^embier notation LIST refers to a 
list of eitiier or both of the following 
r^erved words, separated by commas: 
NVI, Vt. Specifying an entry disadsles that 
interrupt (i.e., resets the FCW bit). 



Flags 

C Z 8 P/V DA H 



Flags aie ngt aHected. 



- = Unaffected 
1 = Set 
= Cleared 

* = ConditioiM - m»^emei^0on 



DIV 









Mode 

R 

IM 

IR 
IR 

DA 
DA 

DA 



Version Mnemonte and FOrm 

DIV RRd, Rs 



NS, S 

NS, S 

NS 
5 

NS 
5SO 

SLO 



SSO 



M 1 1 Q 1 1 1 1 I 1 1 1 1 I Rs 
DIV RRd, IM 



RRd 



O1O1O1I I 1 lOi 1 I 1 |0iOiOiO| RRd 



OPERAND 



Clocks 

107 

107 
107 



DIV RRd, Rst 

I I I I 1 1 1 I I 1 I 1 I Rs ^ I RRd~ 

DIV RRd, RRsf 

lOiOiOi 1 I 1 I 0| 1 I 1 I RRs # I RRd I 107 



DIV RRd, LABEL 



Oil I 0] 1 I 1 I Oi 1 I 1 |0i OiOi Ol RRd" 



ADDRESS 



DIV RRd, LABSSO 






1 lO, 1 1 1 ,0i 1 1 1 


1 1 1 1 RRd 





SEGMENT 


OFFSET 


DIV RRd, LABEL 





1 |0| 1 1 1 1 Ol 1 , 1 


0|0i0j0[ RRd 


1 


SEGMENT 




OFFSET 


DIV RRd, LABEL (Rx) 





1|0|1|1|0|1|1 


Rx ^ 1 RRd 


ADDRESS 



DIV RRd, LABSSO (Rx) 






1,0,1,1,0,1,1 


Rx / 1 RRd 





SEGMENT 


OFFSET 


DIV RRd, LABEL (Rx) 





1,0|1|1|0|1,1 


Rx * 1 RRd 


1 


SEGMENT 




OFFSET 



108 



109 



111 



109 



109 



112 



Operation 

RRd<0:15>^RRd<0:31>/src<0:15> 
RRd< 1 6:31 > -i-Remalnder 



Description 

A 32*lt signed integer (dividend) is 
contsihed in a destination register pair 
designated by tiie RRd field of the 
instruction. 

A 1 6-bit signed integer source operand 
(divisor) is determined by the applicable 
addressing mode. Division is perfornied 
to obtain a 16-bit quotient and a 16-bit 
remainder. 

The quotient is loaded into the least 
significant destination register. The 
remainder is loaded into the most 
significant destination register. The 
source operand is not altered. 

The original contents of the destination 
are lost unless the division operation is 
aborted. This occurs if the divisor is zero 
or if the magnitude of the divisor is less 
than or equal to the magnitude of the 
high order half of the dividend. 

The aborted induction takes less than 
30 elegk ^les: 



Flags 

C Z 



P/V DA H 



- — Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Set to 1 if the quotient is less than -2^ ^ or greater than/equal to 2^ ^ 

Reset otherwise. 

Z: Set to 1 if either the quotient or divisor is zero. Rei^i-tMefiwise. ' 
S; Set to 1 if quotient is negative. Reset otherwise. 
PA/: Set to 1 if diviston Is abatted. Reset Ptherwise. 



S-5S 



D I V I DE regMr gtita^pM bf source [ong ^rd 



DIVL 



Mode 

R 

IM 

IR 
IR 

DA 
DA 

DA 



Version 

NS, S 

NS, S 
NS 



X 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



Wnemenfe knd F@rm 

DIVL RQd, RRs 



1iOiOi1i1iOi1iOl RRs 



RQd 



DIVL RQd, IM2 



OiOiOi1i1iOi1 |0|0|0|0| 



31 



OPERAND 



6f liiild 



lis 



OPERAND 



DIVL RQd, Rst 



OiOiO|1|1iOi1iO| Rs it 



RQd 



Clocks 



744 



744 



744 



DIVL RQd, RRst 

I I I I 1 I 1 I I 1 I I RRs / L BQd, I 

DIVLja^d.. LABEL 



[ ii r#i -1 11 4't ¥i 1 1 i 1 tlj, a ji Pit RQd 



ADDRESS 



DIVL RQd, LABSSO 






1iOi1|1|0|1|0|OiOiOiO| RQd 





SEGMENT OFFSET 


DIVL RQd, LABEL 





1,0,1,1,0,1,0 


OjO^OjO[ RQd 


1 


SEGMENT 




OFFSET 



DIVL RQd, LABEL (Rx) 



I 1 I I 1 I 1 , 0, 1 I I Rx 



RQd 



DIVL RQd, LABSSO (Rx; 






1,0,1,1,0,1,0 


Rx ?s 1 RQd 





SEGMENT 


OFFSET 


DIVL RQd, LABEL (Rx) 





1,0,1,1 ,0,1 ,0 


Rx # 1 RQd 


1 


SEGMENT 







744 



745 



746 



748 



746 



746 



749 



RQd<0;31><-RQd<0:63>/src<0:31> 
RQd<32:63>«-Remalnder 



I 



Li J 



j54s;Ksigned Integer (dividend) Is con- 
ttiiii U a quadruple destination register 
l^ipited by the RQd field of the 

mStftSton. 

A 32-bit signed integer source operand 
(divisor) is determined by the applicable 
addressing mode. Division is performed 
to obtain a 32-bit quotient and a 32-blt 
remainder. 

The quotient is loaded into the least 
significant destination register pair. The 
remainder is loaded into the most 
significant destination register pair. The 
source operand Is not altered. 

The original contents of the destination 
are lost unless the division operation is 
aborted. This occurs if the divisor is zero 
or if the magnitude of the divisor is less 
than or equal to the magnitude of the 
high order half of the dividend. 

The at)orted instrijctlon tal<es a majciinum;. 
of 60 clock < 



Flags 

C Z 



P/V DA H 



- = Unaffected 
1 = Set 
= Clearsd 



C: Set to 1 if the quotient is less than -2''^ or greater than/equal to 2^^ . Reset otherwise. 
Z: Set to 1 if either the quotient or divisor is zero. Reset otherwise. f i > | 

S: Set to 1 if quotient is negative. Reset otherwise.- - , . - — 

P/V: Set to 1 if division is aborted. Reset otherwise. i 



DJNZ 



DECREMENT mrdf^a^M 

DJMZFteiiAB 



\ o n non-ze ro 



DJNZ 



Mode Version Mnemonic and Form 

DJNZ Rc, LAB 

RA NS. S I 1 I 1 1 1 1 1 I Rc 111 DiSPI-ACEH/IENf" 



Ciocl(s 



Operation 

Rc<0:15>^Rc<0:15>-1 
If Rc<0:15>/0, 

then PC^Updated Pc-2x displacement. 
Otherwise PC«-Updated PC. 



Description 

The contents of the general-purpose word 
register designated by the Rc field of the 
instruction are decremented and if this 
produces a non-zero result, a jump is 
executed. The jump address is obtained 
by subtracting the contents of the 7-bit 
instruction displacement field which has 
been left shifted (i.e., word aligned) from 
the contents of the updated program 
counter (i.e.. Incremented by two). The 
resultant address is loaded into ttie 
program counter and is used as the jump 
destination. The displacement field is 
Interpreted as a 7-bit unsigned integer. 
Thus the range of the relative jump is zero 
to -127 words with respect to the 
updated PC. 

If the register decrementation produces a 
zero result, Vnen the contents of the 
program counter are merely updated by 
incrementing by two. 



Assembler Notation 

The label LAB is an address which is 
used by the assembler to generate the 
displacement relative to the updated PC. 
A LAB which results in a displacement 
outside of the allowable range produces 
an assembler error. 



Flags 

C 



p. V DA 



Rags are not affected. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



5i57 



El 



ENABLE tNTERRUPT 

This is a SYSTEM instruction. 



El 



iMocle 



Clocks 



Version Mnemonic and Fom 

El LIST 

NS, S lOil i1 ,1 i1 i1 lOiOlOiOiOiO.Qj tiV.N] 7 



' . '.1 ■ ' ' )frMl\s\y « 

i,-^ ., -1 ^,1 1"- -»ll.l. Itc: 
r ' *|'14 T,' 'i| ■ .j'.^, v: !■> 
.■•I :,.,. •„, i. i , . I 



Operation 

FCW<11>«-1 forN=0 
FCW<11^«-FCW<11> forN=1 
FCW<12>^1 for V=0 
FCW<12>«-FCW<12> for V=1 



Description 

The interrupt enables in the FCW are set 
to one depending upon the values of the 
N and V bits within the instruction. A 
value of one in these bit positions causes 
the relevant interrupt enable to be 
unaltered, and a value of zero causes the 
relevant interrupt enable to be set. The 
bit designated V in the instruction 
controls the vectored interrupt enable bit 
and the bit designated N controls the 
non-vectored Mipnqjt enable bit 



Instruction 




Assembler 


Bit 


FCW Bit/# 


Notation 





NVIE/11 


NVI 


1 


VIE/12 


VI 



Assembler Notation 

The assembler notation LIST refers to a 
list of either or both of the following 
reserved words, separated by commas: 
NVI, VI. Specifying an entry enables that 
interrupt (i.e., sets the FCW bit). 



Flags 

C Z 8 P/V DA H 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

• = Conditional - see description 



5^ 



EX 



EX 



Mode 

R 



IR 
IR 

DA 
DA 

DA 

X 



Version 

NS, S 



Mnemonic and Form 



Clocks 



NS 
S 

NS 
SSO 

SLO 

NS 
SSO 

SLO 



EX Rd, Rs 








1 


0,1 ,0,1 ,1 iOi1 


Rs 


Rd 


6 


EX Rd, Rst 











0,1,0,1,1,0,1 


Rs , 


m 


12 


EX Rd, RRst 











0,1, Oil 1 1 , Oi 1 


RRs 


ftd 


12 


EX Rd, LABEL 











1,1,0, 1,1 ,0,1 


0,0,0,0 


Rd 


15 


ADDRESS 


EX Rd, LABSSO 











1,1,0,1,1,0,1 


0,0,0,0 


Rd 


16 





SEGMENT 


OFFSET 


EX Rd, LABEL 











1,1,0,1,1:0,1 


0,0,0,0 


Rd 




1 


SEGMENT 






18 


OFFSET 




EX Rd, LABEL (Rx) 











1,1 ,0,1 ,1 ,0,1 


Rx 5^ 


Rd 


16 


ADDRESS 


EX Rd, LABSSO (Rx) 











1,1,0,1,1,0,1 


Rx # 


Rd 


16 





SEGMENT 


OFFSET 


EX Rd, LABEL (Rx) 











1,1,0,1,1,0,1 




Rd 




1 


SEGMENT 




19 


OFFSET 





Op«r8tlon> 

src<0:15>**Rd<0:15> 



Oeserlption 

The contents of the source operand word 
are exchanged with the contents of the 
destination operand word. The 
destination operand is always a 
general-purpose word register designated 
by the l^d field of the instruction. The 
source operand Is determined by the 
appropriate addressing mode. 
In the IR mode RO (or RRO) can be 
designated as the general-purpose source 
register. 



Flags 

c z 



P/V DA H 



Flags are not affected. 



J 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



5-59 



EXB 



EXB Rbd, src 



EXB 



Mode 
R 



IR 
IR 

DA 
DA 

DA 



X 



Version 



NS, S 



NS 
S 

NS 

sso 

SLO 

NS 
SSO 

SLO 



Mnemonic and. WonA titauiV 

EXB Rbd, Rbs- ji 



1 iO( 1 iOlI l-1 lQlO 



3Flbs 



-Rbd 



Clocks 



- 6 



EXB Rbd, Rst 



EXB Rbd, RRst 



Rs 



Rbd 



|0i Oi 1 lOi 1 I 1 lOiOl RRs I Rbd I 

EXB Rbd. LABEL 

Oil itfeMOii'li.l iOiO|OiOiOiPl -Rbd 
ADDRESS '■ 



EXB Rbd, LABSSO 






1 |1 |0|1 |1 |0|0 


1 1 1 1 Rbd 





SEGMENT 


OFFSET 


EXB Rbd, LABEL 





1|1|0,1|1,0,0 


OjO^OiOj Rbd 


1 


SEGMENT 




OFFSET 



EXB Rbd, LABEL (Rx) 



Oi1i1iOi1i1iOiO| Rx#0 



Rbd 



ADDRESS 






1i1,Oi1i1iOiO 


Pfe 3^ 1 Rbd 





SEGMENT 


' OFFSET c 


EXB Rbd, LABEL (Rx) 





1,1,0,1,1,0,0 


Rx ,t 1 Rbd 1 


1 


SEGMENT , 




*FSEt ! 1 



12 



12 



15 



16 



18 



16 



16 



3L 



Operation 

src<0:7>«^Rbd<0:7> 



Description 

The Contents of the source operand byte 
are exchanged with the contents of the 
destination operand byte. The destination 
operand is always a general-purpose byte 
register designated by the Rbd field of the 
instruction. The source operand is deter- 
mined by the appropriate addressing 
mode. 

In the IR mode RO (or RRO) can be desr > 
ignated as the ||iBC]m'al«pM(^^JSOurce 
register. ~- 



Flags 

C 



P V DA 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



5-60 



EXTS 



EXTS 



Clocks 



Mode Version Mnemonic and Form 

EXTS RRd 

R NS, S h iQlI i1 jOiOiOil 1 RRd , ll jAj 1-i.O.L - 11 



Operation 

If RRd<0;15>is negative, 
RBd<1feai>*^1's; 
otherwise RHd<16:31><-0. 



Description 

The destination is a general-purpose 
register pair, designated by tlie RRd field 
of ttie instruction. Ttie sign bit of the less 
significant register of the pair is copied 
into each bit position of the most 
significant register. In this manner, the 
sign of the operand is preserved as the 
operand is extended from 16 to 32 bits In 
length. 



Flags 

C Z 



P/V DA H 



Flags are not affected: 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditional 



see description 



5-61 



EXTSB 



EXTSB 



Mode Version Mnemonic and Form Cloclcs 
EXTSgFM 

R Ns, s htOi'tii lOiOiOii I m ; IoiQipToI , 11 



Operation 

If Rd<0:7>is negative, 
Rd<8;15> 



5>«-0. 



Description 

The destination is a general-purpose 
register, designated by ttie Rd field of ttie 
instruction. Ttie sign bit of ttie less 
significant byte of ttie register is copied 
into each position of the most significant 
byte. In this manner, the sign of the 
operand is preserved as the operand Is 
extended tronn eight to 16 bits. 



Flags 

C Z 



P/V DA H 



Flags are not affected. 



- = UMUfeCiad 
1 = Set 
^^Cleaiisd 

* = Condtflon^ - see description 



5-62 



EXTSl. 



EXTEND sifn^iiia tonfWBrd 
EXTSlf^RQd 



EXTSL 



Mode 

R 



Version Mnemortt sirdTbirm • 

EXTSL RQd 

NS, S 



1 lOil i1 1O1O1O1I 



RQd 



Clocks 



11 



\e,rp< ■^< 

If RQd<0:31>is negative, 
RQd<32:63>^1's; 
otherwise RQd<32:63><-0. 



Description 

The destination is a general-purpose 
register quad, designated by the RQd field 
of the Instruction. The sign bit of the less 
significant register pair of the quad is 
copied into each bit position of the most 
significant register pair. In this manner, 
the sign of the operand is preserved 
as the operand Is extended from 32 to 
64 bits. 



Flags 

c z 



P/V DA 



Flags are iNtSt' 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



HALT 



This is a SYSTEM in^nicHon. 



HALT 



Mode Version Mnemonic and Form Cloclts 

HALT , 

R NS, S lOil ilil i1 iO|1 iO|0|0|0|0|0|OiOia[ + 3n* 

'Interrupts are recognized at the 
end of eacti three cycle period. 



Operation 



Description 

Instruction execution is suspended and 
CPU will be in a halted state until an 
interrupt or reset is received. 

While in the haHed state, bus requests will 
be acknowriii^liid and memory refresh will 
continue. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



- = Un 

1 -= Set 

= Cleared 

iti = Conditional - see description 



5-64 



IN 



INPLCT' word to negstar mm m^potn 

This is a SYSTEM Ini^ruction: 



IN 



PR 
PA 



Version Mfiemonle and FOrm 

IN Rd, Rp 

NS, S I I I 1 I 1 I 1 I 1 I I 1 r 



Rp 



Rd 



NS, S 



I N Rd, PORT 

OiOi1i1i1iOi1ill Rd lOiliOiO 



PORT ADDRESS 



Clacks 

10 
12 



Rd<0:7>«-port src<0:7> 



Description 

A general-purpose byte destination 
register designated by the Rd field of the 
instruction Is loaded from an input port. 
The port address source is determined by 
the applicable port addressing mode. The 
original contents of the destination are 
lost. 

RO can be designated as the general- 
purpose port source register. 



Flags 

c z 



P/V DA H 



Flags are not affsctedi 



- = Unaffected 

1 = Set 

= Cleared 

♦ = Conditional - see description 



INB 



INPU7 ^ leesgstar torn iXi 
This Is a^SSi^PliNI^Kdraclion. 



iNB 



Mode 
PR 

PA 



Version Mnemonic and Form 



IN Rbd, Rp 

NS, S |0|0|1|1|1i1iOiO| Rp I 1^ I 

I N Rbd. PORT ' 

"0 1 1 1 i 1 1 1 I 1 1 I I Rbd 1 1 1 I I 



NS, S 



PORT ADDRESS 



Clocks 
12 



Operation 

Rbd<0:7><-port sfC<0:7> 



Descrlptlenr 

A general-purpose byte destination 
register designated by the Rbd field of tfie 
instruction is loaded from an input port. 
Tine port address source is determined by 
tfie applicable port addressing mode. The 
original contents of the destination are 
lost. 

RO can be designated as the general- 
purpose port S9iMB» register. 



Flags 

C Z 



P/V DA H 



Flags are not etffected. 



- = Unaffeoed ' t " ' 

1 = Set 
= Clesred 

* = CondiMal - sag «l^eription ■xvr.-j^:i - ■ 



5-66 



Mode 

R 



Version Mnemonic and Form 

INC Rd, N 

NS, S |l|0[1|0|1|OiO|1 



IR 

IR 

DA 
DA 

DA 



NS 



NS 



sso 



SLO 



NS 



SSO 



SLO 



Rd 



Ctoci<s 
4 



INC RdT. N 

I 1 1 1 1 1 1 I 1 1 1 I Rd .1 



INC RRdT, N 



|0|0|1|0|1|0|0|1 



RRd 



I NC LABEL, N 

O|1|1|O,|1|0|O|l| 0;0iO !0r 



AuDRbSS 



11 



13 



INC LABSSO. N 






1 iJ iQi 1 lOiOi 1 


1 1 1 1 n 


14 





SEGMENT 


OFFSET 


INC LABEL, N 









1 iljOil |0|0| 1 


1 1 1 0| n 




1 


SEGMENT 




16 


OFFSET 





INC LABEL (Rx), N 

' ] 1 ] 1 I o i% i I I 1 I Rx 7i I 



ADDRESS 



INC LABSSO (Rx), N 






1,1,0,1,0,0,1 


Rx 1 n 





SEGMENT 


OFFSET 



14 



14 



INC LABEL (Rx), N 






1|1|0|1|0|0|1 


Rx / 1 


n 




1 


SEGMENT 




17 


OFFSET 





Operation 

dst<0:15><-dst<0:15> + N 



Description 

A value between 1 and 16 Is added to the 
destination operand word and the result Is 
loaded back Into the destination. The 
desired value to be added is specified by 
the n field, where n = zero corresponds to 
value one and so on, and n = F 
corresponds to value 16. The destination 
is determine<U)y the applicable 
addressing mbde. The original contents of 
the destination are lost. 

in the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destination 
registef. , 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
fieid n of the instruction. The range of N is 
one to 16, and n = N - 1 . Specifying an 
N outside of the allowable range produces 
an assembler error. 



Flags 

C Z 



P/V DA 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



Z: Set to 1 if result is zero. Reset otherwise. 
§: Set t9.1. if result is negative. Reset otherwisei 
P|V; Set tjj.1 op *flthi!n#ti<5/overflow. Reset ottilnaflse. 

■ 1] ,''-JC 



5-67 



INCB 



INCREMENT byte 

INCB dst, N 



INCB 



Mode Verstpn Mnemonle and ftorm 

■- 1NeBRbcl.N 

R NS, S h lOil |0|1 lOiOiOl Bbd T 7 n i Z\ 4 



IR 
IR 

DA 
DA 

DA 



NS 

s 

NS 

SSO 

SLO 

NS 
SSO 

SLO 



INCB Rdt, N 



|OiOi1iOi1iOiOiO| Rd 



11 



INCB RRdf , N 

|OiOi1iOi1iOiOiO| RRd I _ n I 11 



INCB LABEL, N 



Oi 1 itttOfl lOi iO|0]OiOiOr n 



ADDRESS 



INCB LABSSO, N 






1 |1 |0|1 lOiOiO 


, , , 1 n 





SEGMENT 


OFFSET 


INCB LABEL, N 





1 ,1 iO,1 ,0,0,0 


, , 1 1 n 


1 


SEGMENT 





IfirlSB UVBEL (Rx), N 



OFFSET 



I 1 I 1 I I 1 I I I I Rx ?^ I 



ADDRESS 



INCB LABSSO (Rx), N 






1,1,0,1,0,0,0 


Rx 1 n 





SEGMENT 


OFFSET 



INCB LABEL (Rx). N 



1|1|0|1|0,0|0 



;8B3MENT 



I Rx 9^ I n 



OFFSET 



13 



14 



16 



14 



14 



17 



Operation 

dst<0:7><-dst<0:7> + N 



Descri ption 

A ^ffliwB'lldMreen 1 and 16 is added to the 
des^atlon operand byte and the result Is 
loaded back Into the destination. The 
desired value to be added is specified by 
the n field, where n = zero corresponds to 
one and so on, and n = F corresponds to 
value 16. The destination is determined 
by the applicable addressing mode. The 
original contents of the destlnaisn am 
losL 

In the IR mode RO (or RRO) can be desig- 
nated as the general-purpose destination 

register, 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
one to 16, and n = N 1. Specifying an N 
outside of the allowable range produces 
an a^siiftitiler error. 



Flags 

C z 



P/V DA 



- = UnafliKjted 

1 = Set 
= Cleared 

* = Conditional - see description 



Z: Set to 1 if result Is zero. Reset otherwise. 
S: Set to 1 if result is negative. Reset otherwise. 
P/V-. Set to 1 on arithmetic overflow. Reset othenwise. 
DA. Set to 0. 

H: Set on carry from least significant digit. Reset otherwise. 



5-66 



INP 



INPUT word fregn VO poit .te> tnemoiv^ a^edi^iefri^ 

HMD £tet. Rp«>Be 
This is a SYSTEM instruction. 



Mode 



Version 



Mnemonic and Form 

IND RdT, Rp, Rc 



IR, PR NS 



IR, PR s 



OiOil i1 


1,0,1,1 


Ro 


1 lOiOiO 




Rc 


Rd 


t.OiOiO 


IND RRdT, Rp, Rc 


0,0,1,1 


1,0, 1|1 


Rp 


1,0,0,0 


OiOiOiO 


Rc 


RRd , 


1 iQiOlO 



Cloclcs 



21 



21 



Operation 

dst<0:15><^port src<0:15> 
Rd<0:15>^Rd<0;15>-2 
Re<0:1 S>«r-Hc<0:1 5> - 1 



Description 

Data word from tlie port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded Into a memory 
destination. The destination Is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the Instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then decremented 
by two. The contents of the 
general-purpose register designated by 
Rc are decri^ented by one. 

This instruction uses both indirect register 
memory addressing and port register port 

addressing modes. 

RO can be designated as the general- 
purpose port source or destination 

register. 



Flags 

C Z 



P.V DA H 



PA/!: Set to 1 if result of decrementing Rc register is zero. Reset otherwise. 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditional 



see description 



5-69 



INDB 



INPy^ byte frem I/O part to mennoiy, aiitodeCTement 
INDB dst, Rp, Rc 
This Is a SYSTEM Instruction. 



INDB 



Mode 



Version 



Mnemonic and Form 

INDB Rdt, Rp, Rc 



IR, PR NS 



IR, PR s 



0,0, 1 1 1 


1|0|1|0 


Rp 


1,0,0,0 


1 1 1 


Rc 


Rd 


1 1 i 1 


INDB RRdi, Rp, Rc 


0,0,1,1 


1,0,1,0 


Rp 


1,0,0,0 


0|0|0|0 


Rc 


RRd 


1 lOiOlO 



Clocits 



21 



21 



Operation 

dst<0:7><-port src<0:7> 
Rd<0:15><-Rd<0:15>-1 
Rc<0:1 5><-Rc<0:15> - 1 



■description 

Data byte from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose registers 
designated by Rd and Rc are then 
decremented by one. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 

C Z S P;V DA H P/V: Set to 1 if result of decrementing Rc register Is zero. Reset otherwise. 

---*-- 



- = Unaffected 

1 = Set 

= Cleared 

♦ = Conditional - see description 



'8'?0 



INDR 



tPt®iR jcls^ Rpj ftii ' 
This is a SYSTEM Instruction. 



INDR 



Mode 



IB, PR 



Version Mnemonic and Form 



Cldclcs 



IR, PR s 



0,0,1,1 


1,0,1,1 


Rp 


1,0,0,0 


Oi OlOlO 


Re 


::rsi 




INDR RRdt, Rp, Rc 


0,0,1,1 


1 ,0,1 ,1 


Rp 


1,0,0,0 


1 1 1 


Fte 


RRd 


,aia.iO(0 



11 + lOn* 



•n is trie numlser of iterations. 



dst<0:15>»-tpQft src<0:15> 
Rd<0:1 5><-Rd<0:1 5> -2 

Rc<0:15>^Rc<0:15>-1 
Repeat until termination. 



Description 

Data word from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose registers 
designated by Rd are then decremented 
by two. The contents of the 
general-purpose register designated by 
Rc are decremented by one. The 
instruction is terminated when the result of 
this decrementation reaches zero. 

This instruction Is interruptible. 

This Instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 

C Z S P/V DA H 



P/V: Set to 1. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



INDRB 



INPUT ti^ from mi9m ii^mmo^.«^»>^i^iBmmAmi 



INDRB 



TInis i» a SYSTEM toisbucOon. 



Mode Version Mnemonic and Form 

INDHB RdT, Rp, Rc 



IR, PR NS 



IR, PR s 



1 1 1 1 1 1 1 1 1 1 




1 lOiOiO 


^ffiit^io ■ T Re 




1 1 1 


INDRB RRdt, Rp, Rc 


O1O1I i1 1 1O1I lO 


Rp 




OiOiOiO Rc 







Clocks 



11 *-1!bb» 



ill +100* 



*n is the number of iterations. 



f i r.:-i - 



m1> T It •_!> ! 



Operation 

dst<0:7>->- port src<0:7> 
Rd<0:15>..-Rd<0:15>-1 
Rc<0:15>«-Rc<0:15>-1 
Repeat until termination. 



Descrip^i 

Data byte from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
Instruetion is loaded into the memory 
destination. The destination Is addressed 
|}y the contents of the general-purpose 
regi^ designated by the Rd (or RRd) 
field of the instruction. The original 
contend of destination are lost. The 
coitMits of ttie general-purpose registe; 
desipnalad tiy Rd is then decremented by 
one. The oments of the general-purpose 
register designated by Rc are 
decremented t)y one. The instruction is 
terminated when the resuH of this 
decrementation reacfies zero. 

This instruction is interruptible. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be «l^gnated as the generai- 
puipose pact «0ug» or destination 
raster. 



Flags 

C Z S P/V DA H P/V:Setto1. 
- -__1 - 

- = Unaftaeied 
1 = Set 
= Qeated 

* = CondWonal - s«e^^t^ipftan 



5-72 



INI 



INRJT word tani4^ port to immoif .m0iBihmsSkM 
INI dst, F^, Fte 

This is a SYSTEM instruction. 



INI 



Mod* 



Version 



Miwmonic and Form 

INI RdT, Rp. Rc 



IR, PR NS 



IR, PR s 



0,0,1.1,1,0,1,1 


RO 


OiOiOiO 


OlOiOiOl Rc 


Rd 


1 lOiOi'O 


INI RRdt, Rp, Rc 


0,0.1,1 1.0,1,1 


Rd 


OlOiO.O 


OiOiOiO Rc 


RRd 


liOiOlO 



docks 



81 



21 



Operation 

dst<0:15>«-port src<0:15> 
Rd<0:1 5>«-Rd<0:15> +2 
Bc«;0:15,>«-flc<0:15>-1 



Description 

Data word from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instructton is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are ttien incremented 
by two. The contents of the 
general-purpose register designated by 
Rc are decremented by one. 

This instruction uses both indirect register 
memory addressing and port register port 

addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 

C Z S PV DA H 



PA^i Set to 1 if result el decrementing Rc register is zero. Reset otfierwise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 



5-73 



INIB 



INPUT byte tan.l/® port to ffiemofy, ;atitoincl;eMirM 
INIB dst. Ftp. P%: 
.Ws is »ilMi1Vlt=Snstrueticin. 



INIB 



Mode Version Mnemonic and Form 
INIB Rdt. Rp. Rc 



Clocks 



IR, PR NS 

IR, PR s 



OIOI1I1 1IOI1IO 








OitfliOiO ftfc • 


^ i 




'-IP 



OIOI1 I1 


1 1O1I lO 






1 Oi Oi 


Rc 


^Rd . 





21. 



'■ I'S to 
.-"■i.r-i.-v. / 



Operation 

dst<0:7><-port src<0:7> 
Rd<0:15><-Rd<0:15> + 1 
Re<6:1d>*-ftc<0:15> - 1 



Deseriptton 

Data byte from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction Is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd {or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose registers 
designated by Rd are then incremented 
by one. TVie contents of the 
general-purpose register designated by 
Rc are decremented by one. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 

C Z S P/V DA H Ijf""" PWi Set to 1 if result of decrementing Rc register is zero. Reset otherwise. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



.S-?4 



INIR 



INPUT word fimt^ por^.to inenioiyt^^JlDlneiieineiiti^ le^sst 
iNIFldst, R|», R0, 
This is a SYSTEM instaiction. 



INIR 



Mode 



Version 



Mnemonic and- Form 

INIR RdT, Rp, Rc 



IR, PR NS 



IR, PR s 



0|0|1|1 1,0,1,1 


Rp 


0,0,0,0 


1 1 1 Rc 


Rd 




INIR RRdt, Rp, Rc 


0,0,1,1 1,0,1,1 


Rp 


0,0,0,0 


1 1 1 Rc 


RRd 





Clocks 



11 + JOn* 



J11 -I- lOn* 



*n is the numkjer of Iterations. 



Operation 

clst<0:15>«-port src<0:15> 
Rcl<0:15>'<-Rd<0:15>+2 
Rc<0:1 5><-Rc<0;1 5> - 1 
Repeat untlltermlnation. 



Description 

Data word from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then incremented 
by two. The contents of the 
general-purpose register designated by 
Rc are decremented by one. This 
instruction is terminated when the result of 
this decrementation reaches zero. 

This instruction is interruptible. 

The instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 



c 


z 


s 


P V 


DA 


H 








1 







P/V: Set to 1. 



- Unaffected 
1 = Set 
= Cleared 
* = Conditional 



see description 



5-7S 



INIRB 



INPUT byte fmm t/0 ^t@ memory, autoineirgmentandii^pyMI 
This iif'a SVSTEM instrueSon. 



INIRB 



Mode 



Version 



Mnemonic and Form 
INIRB RdT, Rp. Rc 



IR, PR NS 



IR, PR s 



0,0,1,1 


1|0|1|0 


Rp 


0,0,0,0 


1 1 1 


Rc 


Rd 


OlOiOlO 


INIRB RRdt, Rp, Rc 


O1O1I1I IrOilfO 




|j O.i,fcii,o, , 


driSiOiO Rc 


RRd 





Clocks 



11 + lOn* 



11 + lOn* 



*n is the numt)er of iterations. 



n(.-,|i i e": y 

• I ■ .•■1- ' ' :■ "I- ' 



Operation 

dst<0:7>'«-port src<0;7> 
Rd<0:15><-Rd<0;15>+1 
Rc<0:15><-Rc<0:15>-1 
Repeat until termination. 

■ ■: 'a-.-i 



iijA'jj'i'.' 



Description 

Data byte from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination- The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose regi^te/ 
designated by Rd are then incremented 
by one. The contents of the 
general-purpose register designated by 
Rc are d«»emented by one. This 
instruction is terminated when the result of 
this decrementation reaches zero. 

This instruction is interruptible. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or itestinatton 
register. 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1 . 



- = UnaHected 
1 = Set 
= Cleared 
* = Conditional 



see description 



5-76 



IRET 



REiyRfSl froYMritUmupt 
IRET 

This is a SYSTEM instruction. 



IRET 



Mode Version Mnemonic and Form Cloclcs 

IRET 

- NS, S |0|1 |1 |1 |1 |0|1 |1 lOiOiOiOlOiOiOiOl 13, 16 



Operation 



IR1S'<e:15>'ii^15'<(J:15> +2 
FCW.^-(R15<:0:tS>) 



gl«'.<4Q:15>«-R15'<0:15>+2 

PC.Keft5'<0:15>) 

R15'<0:15>'Mfl5'<0:15>+2 



Segmented 

R15'<0:15>-<-R15'<0:15>+2 
FCWMRR14'<0:22>) 
R15'<0:15>«-R15'<0:15>+2 
PC SEGMENT.<-(FIR14'<0:22>]i 
R15'<0:15>«-R15'<0;15>+2 
PC OFFSET.^(RR14'<0:22>) 
R15'<0:15>«-R15!<B:t6> +2 



Description 

This instruction causes a return from an interrupt or trap. Tine program status that was pushed on the system stack is popped to 
restore the pre-interrupf processor status. The System Stacl( Pointer contents are modified to reflect the entries that are 
removed. 



Flags 

c z 



P/V DA H 



The flags wilUxe restored to pre-interrupt values. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



5-77 



JUMP eorfditidni 
JP cc; ast 



Version Mnemonic and Form 



Cloclcs 



CC True/CX: False 



JP CC. RdT 



IR 


NS 





O1O1I1I1I1I1O 


Rd I 


CC 






JP CC, RRdt 






IR 


S 





0|0|1, 1,1,1,0 


RRd 1 


CC 






JP CC, LABEL 






DA 


NS 





1iOi1,1,1,1iO 


OiPiOiOl 


CG 


ADDRESS 






JP CC, LABSSO 






DA 


SSO 





1(0,1,1,1,1,0 


0,0,0,01 


CC 





SEGMENT 


OFFSET 






JP CC, LA6B. ' . . V 













l1j.04|i1,i1i*j1iO 




CC 


DA 


SLO 


1 


- SEGMENT 










OFFSET : 






JP CC, LABEL (Rx) 






X 


NS 





1(0,1, 1,1, 1,0 




CC 


ADDRESS 






JP CC, LABSSO (Rx) 






X 







1,0,1,1,1,1,0 


Rx # 1 


CC 





SEGMENT 


OFFSET 






JP CC, LABEL (Rx) 













1,0,1,1,1,1,0 


Rx ?^ 1 


CC 


X 


SLO 


1 


SEGMENT 








OFFSET 



15/ 10 



7/7 



10/ 10 



8/8 



8/8 



■ ':i-e a 4 



Operation 

PC 0:15 ^dst<0:15> 
if condition is met 
PC- 0:15 —Updated PC 
if condition failed. 



DescripNmi . ' ii 

The program executes a jump if ttie 
condition set In the condition code field of 
the instruG^on Is met. A destination 
address is obtained according to the 
applicable addressing mode, and is 
loaded infei'the program counter. If the 
condition set in the condition code of the 
instruction is not met, then the value in the 
program counter is merely updated. 

RO can be designated as the general- 
purpose destination register Rd or RRd in 
the IR mode. 

Oi G -«Ff 



Assembler Notation 

Specifying condition CC is optional. If 
none is specified, thie CC field of the 
instruction is set to hex eight. 



Flags 

C Z 



P/V DA H 



Rags arts not aflieGted. 



1 = Set 
= Cleai<ed 

* = Condilioiial - see dt^rlption 



5-78 



JR CC, LAB 



JR 



Mode rslon Mnemenle and'Fbrm 



Clocks 



JR CC, LAB 

RA NS, S h I 1 I 1 1 1 CC I DISPLACEMENT I 6 



PC-i-Updated PC+2X displacemeht 
if condition is met; 
otherwise PC«-Updated PC. 



■.;ti*- 



Description 

A program jump is tal<en if the condition 
cocte set in the CC field of the instruction 
is met. If the condition is met, the contents 
of the program counter are updated 
(incremented by two) and added to the 
contents of the 8>bit displacement field of 
the instruction, after the latter has been 
sign extended and left shifted (word 
aligned). The result is then loaded into the 
program counter as the jump address. If 
the condition is failed, the program 
counter is merely incremented by two. 
The range of the jump is + 1 27 to - 1 28 
words with respect to the updated PC. 
The program counter segment number 
rerriains unchanged. 



Assembler Notation 

The label LAB is an address which is 
used by the assembler to generate the 
displacement relative to the updated PC. 
A LAB which results in a displacement 
outside of the allowable range produces 
an assembler error. 

Specifying condition CC is optional. If 
none is specified, the CC field of the 
instruction is set to hex eight. 



Flags 

C Z S P/V DA H 



Flags auie<ei^iafl«3ted, 



- = Unaffected 
1 = Set 
= Cleared 

♦ = Conditional - see description 



LD 



LD 



LDR 



LD dst, Rs 
LDR LAB, Rs 



LDR 



Mode 



Version Mnemonic and Form 



Clocks 



IR 
IR 

DA 
DA 



RA 



BA 



BX 



NS 

S 

NS 
SSO 













■ .' ' 'It 










LD Rdt, Rs 










0,0,1 ,0,1 ,1 


|1 


1 


Rd 1 


Rs 


LD RRdT, Rs 


0|0|1 ,0,1 ,1 


1 


1 


RRd 1 


Rs 


LD LABEL, Rs 




0,1,1iOi1,1 


|1 


1 


OiCOiOl 


Rs 


ADDRESS 



LD LABSSO, Rs 






1,1,0,1,1,1,1 


1 , , 1 Rs 





SEGMENT 


OFFSET 



LD LABEL, Rs 








1,1,0,1,1,1,1 


OiOii 




Rs 


DA SbO 


1 


SEGMENT 


mm 








ui^iur, ■/.'• ? OFFSET 



LP LABEL (Rx), Rs 



SSO 



SLO 



NS, S 



1 1 I 1 1 I 1 , 1 , 1 I 1 Rx it 



Rs 



ADDRESS 



I n I 4PCCO (Rv\ Pc 



LD LABEL (Rx), Rs 






1,1,0,1,1,1,1 


Rx / ( Rs 


1 


SEGMENT 




OFFSET 



LDR LAB, Rs 



0,0,1i1iOiO|1,l|0,0,0|0| 



Rs 



DISPLACEMENT 



NS,S 



NS, s 
(Siw note) 



LP RdT (D), Rs 

' 1 1 1 1 1 1O1O1I1II RdyO I ^ Rs " 





0,0,1,1 


Rd # 1 Rs 1 









11 



12 



14 



12 





' i ■ , 1 M 1 1 1 1 ' 


- . , Rs 


12 


li 


SEGMENT 


OFFSET 



15 



14 



14 



Operation 

dst<0:15>«-Rs<0:15> 



iSescription 

The word contents of the source register 
are loaded into the word destination. The 
source operand is always a general- 
puipeseiKOFd register designatNd by the 
Rsfteld^the instruction. The di^ttnatnn 
is determined by the applicable 
addressing mode. The contents of ttie 
source are unetltered, and the original 
contents of the destination are lost. 

In the IR mode, RO (or RRO) can be 
designated as the general-purpose 
destination register. 

Note: In the BA and BX addressing 
modes the segmented version requires 
the designation of a register pair, 
RRd ?^ 0, as destination base address 
register. 



Assembler Notation 

In the RA addressing mode the 
assemtjied displacement is a signed two's 
complemjM number witti a range of 

+32,7ertb -32.768. 

In the RA addressing mode the label LAB 
is used by the assembler to generate the 
displacement relative to the updated PC. 

In the BA addressing mode the value D is 
an unsigned integer which is assemtiled 
into the binary displacement. 

A LAB or D which results in a displace- 
ment outside the allowable range 
produces an as5emt3ler error. 



Flags 

C Z 



P/V DA H 



Flags are not affected. 



1 = Set 
= Cleared 

* = Conditional - see description 



5-80 



LD 



LDR 



I:® AiO word tiitd '^^^ 

LD Rd, src 
LDR Rd, LAB 



LD 



LDR 



Mode 

R 

IM 

IR 
IR 

DA 
DA 

DA 



RA 



BA 



BX 



Version 

NS, S 

NS, S 

NS 

S 

NS 

SSO 

SLO 

NS 

SSO 

SLO 



Mnemonic and Form 

LD Rd, Rs 



Clocks 



1, 


0,1 ,0,0,0 


0|1 


Rs 1 


Rd 


3 


LD Rd, IM 













Oi 1 |0|0 1 


Oil 


0,0,0, ol 


Rd 




OPERAND 


7 


LD Rd, RsT 













Oil lOiCO 


0|1 


Rs 5^ 1 


Rd 


7 


LD Rd, RRst 













1 1 ,0,0,0 


0|1 


RRs 1 


Rd 


7 


LD Rd, lABEL 













1 f.-l'-iOiOiO 


0,1 


OiOiCOl 


Rd 




ADDRESS 


9 


LD Rd. LABSSO 













1 , 1 lOiOlO 


0,1 


0,0,0,01 


Rd 


10 





SEGMENT 


OFFSET 


LD Rd, LABEL 













1,1,0,0,0 


0,1 




Rd 




1 


SESMENT 






ist- 


OFFSET 




LD Rd, LABEL (Rx) 











1 1 1 lOiCO 


0| 1 


Rx ?! 1 


Rd 


10 


ADDRESS 


LD Rd, LABSSO (Rx) 











1,1,0,0,0 


0,1 


Rx ?! 1 


Rd 


10 





SEGMENT 


OFFSET 


LD Rd, LABEL (Rx) 











1,1,0,0,0 


0,1 


Rx^ 1 


Rd 




1 


SEGMENT 




13 


OFFSET 





LDR Rd, LAB 



NS, S 


0,0,1,1 


0,0,0,1 


0,0,0,0| 


Rd 


DISPLACEMENT 




LD Rd, Rst (D) 






NS, S 


0,0,1,1 


0,0,0,1 


Rs ?! 1 


Rd 


(See note) 


DISPLACEMENT 




LD Rd, RsT (Rx) 






NS. S 


0(1, ip. 


0,0,0,1 


Rs 1 


Rd 


(See note) 




Rx 







14 



14 



14 



Operation 

Rd<0:15>«-src<0:15> 



Description 

The source operand word is loaded into 
the destination word register. The source 
operand is determined by the applicable 
addressing mode and the destination is 
always a general-purpose register 
designated by the Rd field of the 
induction. The contents of the source 
operand are unaltered, and the original 
contents of the destination are lost. 

Note: In the BA and BX addressing 
nnodes the segmented version requires 
the designation of a register pair, 
RRs # 0. as source base address 
register. 



Assembler Notation 

In the RA addressing mode the 
assembled displacement is a signed two's 
complement number with a range of 
+ 32,767 to -32.768. 

In the RA addressing mode the label LAB 
is used by the assembler to generate the 
displacement relative to the updated PC. 

In the BA addressing mode the value D is 
an unsigned integer which is assembled 
into the binary displacement. 

A LAB or D which results in a displace- 
ment outside the allowable range 
produces an assemt)ler error. 



Flags 

C Z 



P/V DA H 



Flags are not affected. 



- = Unaffected o = Cleared 

1 = Set :ti = Conditional - see description 




Mode 
IR 

IR 
DA 

DA 

DA 



Version 



N8 



SSO 
SLO 



tiA I ■ 



Mnemonic and Form 

LP Rdt, IM 



0:nn, 0|i|l|0|l| Rd |0|1|0|1 



OPERAND 



LP mm, IM 



Oi OiOiOi 1 1 1 lOi 1 I RRd |0i1i0i1 



OPERAND 



LP LABEL, IM 

Ot 1 I 1 1 1 I 1 I I 1 I I I 1 1 1 1 I 1 1 



APPRESS 



OPERAND 



LP LABSSO (Rx), IM 



LP LABEL (Rx), IM 



aocks 



11 





LD LABSSO, IM 













1 lOiOi 1 , 1 lOi 1 


OiOiOiOiOil 





1 


SSO 





SEGMENT 


OFFSET 




OPER^d 




LD LABEL, IM 













1 lOiOi 1 1 1 ,0, 1 


OlOiOiOlOil 





1 


SLO 


1 


SEGMENT 




OFFSET 




OPERAND 


"lt»r iv>l 


LD LABEL (Rx), IM 













1 1 0.1 1 1 1 1 1 , 1 


Rx 1 1 1 





1 


NS ■; 


f^jcztt, - > ADDRESS 




OPERAND 



11- 



14 



15 



17 



15 






1,0,0,1,1,0,1 


Rx |0i 1 |0| 1 







SEGMENT 


OFFSET 


15 


r (It: ■ OPERAND '— 








1iOiOi1|1|0|1 




1 


;. SEGMENT 




OFFSET 


^;*:'opiA»«D 



18 



Operation 

dst<0:1 5>-<-lM<0:1 5> 



Description 

The Immediate word operand following 
the instruction in memory is loaded into 
the destination. The destination is 
determined by the applicable addressing 
mode. The original contents of tll6 
destination are lost. 



'■'1 



In the IR mode, RO (or RRO) can be 
designated as the general-purpoee 
destination register. ^. p 



Bags ^ 

C Z S P/V DA H Flags are not affected. 



- = Unatietiii i i ' ■ i 
1 = Set 

= Cleared 

* = Conditional - see description 

5-82 



LOA 



LDA 



LDAR 



LDA dst, addr 
LDAR dst, Lj^B 



LOAR 



Mode Version Mnemonic and Form 



DA 



DA 



DA 



RA 



BA 



BX 



Clocl(s 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



NS, S 
I (See note) 

NS, S 
(See note) 



NS, S 
(See note) 



LDA Rd, LABEL 



Oi 1 I li 1 iOj 1 |1|0|0|0|0|0| 



Rd 



ADDRESS 



LDA RRd, LABSSO 






1|1|1|0|1|1|0 


1 1 1 1 RRd 





SEGMENT 


OFFSET 


LDA RRd, LABEL 





1|1|1.|0|1|1|0 


1 1 1 1 RRd 


1 


SEGMENT 




OFFSET 


LDA Rd, LABEL (Rx) 





1|1|1|0|1|1,0 


Rx ?^ 1 Rd 


ADDRESS 



LDA RRd. LABSSO (Rx) 






1 1 1 1 1 lO| 1 1 1 |0 


Rx 1 RRd 





SEGMENT 


OFFSET 


LDA RRd. LABEL (Rx) 





1,1,1,0,1,1,0 


Rx ^ 1 RRd 


1 


SEGMENT 




OFFSET 


LDAR Rd, LAB 





0,1 ,1 |0|1 ,0,0 


1 1 1 1 Rd 


DISPLACEMENT 



12 



13 



15 



13 



13 



LDA Rd, RsT (D) 



0|0|1|1|0|1|0|0| Rs Q 



Rd 



DISPLACEMBNT 



LDA Rd, RsT (Rx) 



OiljIiliO, 1,0,0 


Rs ?^ 1 Rd 







15 



15 



15 



Operation 

dst <— address of source 



Description 

The address of a source operand is 
determined from ttie applicable 
addressing mode. This address is then 
loaded into the general-purpose 
destination register designated by the Rd 
(or RRd) field of the instruction. The 
original contents of the destination are 
lost. 

Note: The destination will be a word 
operand in the non-segmented version 
and requires the designation of a 
general-purpose word register, Rd. The 
destination will be a long word operand in 
the segmented version and requires the 
designation of a general-purpose register 
pair, RRd. 

In the BA and BX addressing modes, the 
source base address register will be a 
general-purpose register, Rs. in the 
non-segmented version, and a register 
pair, RRs, in the segmented version. 



Assembler Notation 

In the RA addressing mode the 
assembled displacement is a signed two's 
complement number with a range of 
-1-32,767 to -32,768. 

In the RA addressing mode the label LAB 
Is used by the assembler to generate the 

displacement relative to the updated PC. 

In the BA addressing mode the value D is 
an unsigned integer which is assembled 
into the binary displacement. 

A LAB or D which results in a displace- 
ment outside the allowable range 
produces an assembier error. 



Flags 

c z 



P/V DA H 



Unaffected 
Set 

Cleared 
Conditional 



Flags are not 'W^eC 



see description 



5-K3 



LDAR 



LOAD BELATIVS ad#si$6 ta register 
(See also LDA - Loa^ Etdd^ess to 



LDAR 



Mode 



RA 



RA 



Version Mnemonic and Form 

LDAR Rd, LAB 



NS 



OiOil I 1 lOi 1 jOiOlOiOiOiOl Rd" 



DtSR^CEMeNT 



Clocks 



15 



LDAR RRd, LAB 

OiOi 1 I 1 lOi 1 lOiOlOi Oi OiOl iffld" 



DISPI^CEMENT 



15 



-.If- 1 .<iL' r 
.1 ' I' ll 'c 



; »■■' I'"* ■.■"il'lil! 
8J-1 - Ti( '.is-n.^r' ..V 



:. 1-! .T-.ir. I. - 



Operation 

dst«-addr(ii$s>Qt source 



Desetiptlen 

The address of a source operand is 
determined by the RA addressing mode. 
This address is then loaded into the 
general-purpose destination register 
designated by the Rd or RRd field of the 
instruction. The original contents otttie 
destination are lost. 



Assembler Notation 

The assembled displacement is a signed 
two's complement number with a range of 

+ 32,767 to - 32,768. The label LAB is 
used by the assembler to generate the 
displacement relative to the updated PC. 
A LAB which results in a displacement 
outside the allowable range produces an 
assembler error. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



1 = Set 
= Cleared 

= Cort^lidnal - see descrii^ton 



5-84 



LDB 



LDB 



LDRB 



LDB dst, Rbs 
LDRB LAB, Rbs 



LDRB 



Mode 



IP 

IR 

DA 
DA 

DA 



RA 



BA 



BX 



Version Mnemonic and fsorm 



MS 

4 

sso 

SLO 

NS 

SSO 
SLO 

NS, S 



Clocks 



LDB Rdi, Rbs 

IO1O1I1O1I1I1I1OI Rd I .Rbs 

LDB RRdt, Rbs 

| | | 1|0 | 1 | l [lIoI 



NS, S 
(See note)' 



NS, S 
(See note) 



RRd 



Rbs 



LDB LABEL, Rbs 



O1I1I1O1I1I1I1OIQ1O1O1O 



Rbs 



ADDRESS 



LDB LABSSO, Rbs 






1 1 1 1 1 1 1 1 1 1 1 


1 1 J 1 Rbs 





SEGMENT 


• ■' OFFSET 


LDB LABEL, Rbs 





I1I.O1I1I1I1O 


0,0|0|0|^^bs 


1 


SEGMENT 




OFFSET 


LDB LABEL (Rx), Rbs 





T|1iO,1 ,1 1 1 ,0 




ADDRESS 



LDB LABSSO (Rx), Rbs 






1 |1 |0|1 |1 ,1 |0 


Rd / 1 Rbs 





SEGMENT 


OFFSET 


LDB LABEL (Rx), Rbs 





1|1|0|1|1|1|0 


Rd 7^ 1 Rbs 


1 


SEGMENT 




OFFSET 



LDRB LAB, Rbs 



OiOi1i1iOiOi1iO|OiOiOiO 



Rbs 



DISPLACEMENT 



LBS' adf 0h Rbs 



O rOrl I 1 I O i Q'l 1 I I Rd # 



Rbs 



DISPLACEMENT 



LDB RdT (Rx), Rbs 



,p.l.l.(J.i.l.l 


1 1 1 1 


Rd J Rbs 




Rx 





-11 



12 



14 



12 



12 



15 



.14 



14 



14 



Operation 

dst<0:7><-Rbs<0:7> 



Description 

The byte contents of the source register 
are loaded into the byte destination. The 
source operand is always a general- 
purpose byte register designated by the 
Rbs field of the Instruction The destina- 
tion is determined by the applicable 
addressing mode. The contents of ttie 
source are unaltered and the original 
contents of the destination are lost. 

In the IR mode. RO (or RRO) can be 
designated as the general-purpose 
destination register. 

Note: In the BA and BX addressing 
modes the segmented version requires 
the designation of a register pair, 
RRd 0, as destination base address 
register. 



Assembler Notation 

In the RA addressing mode the 
assembled displacement Is a signed two's 
complement number with a range of 

+ 32,767 to -32,768. 

In the RA addressing mode the label LAB 
is used by the assembler to generate the 
displacement relative to the updated PC. 

In the BA addressing mode the value D is 
an unsigned integer which is assembled 
into the binary displacement. 

A LAB or D which results in a displace- 
ment biitiside ttie allowable range 
produces an assembler error. 



Flags 

C Z S P'V DA H Ra^iSre not gtffected 



- = Unaffected = Cleared 

1 = Set m = Conditional - see (Ascription 



5-85 



LDB 



LOAD byte iistategi^ 

LDB Rbd, sm 
LDRBI%d,:LAB 



LDB 



Mode 



RA 



BA 



BX 



Version 



Mnemonic and Form 

LDB WM, Wl» 



Cioclcs 



p 


■no, o 


1 


Oil lOiOiOiO 





Rbs 1 


Rbd 


o 
o 






LDB Rbd, 1Mb 










IM 


NS, S 





0| 1 |0|0|0|0 





, 1 , 1 


Rbd 




7 


OPERAND 





7 OPERAND 


7 






LDB Rbd, Rst 










IR 


NS 





1 1 r 1 i 1 





Rs J* 1 


vm , 


7 






LDB Rbd, RRsT 










IR 


S 





Oi1 lOiCOiO 





RRs ?^ 1 


Rbd 


7 




1 


LDB Rbd, LABEL 










DA 


NS 





1 |1 lOiOiOlO 





0,0, Old 


l%d 


9 


ADDRESS 






LDB Rbd, LABSSO 










DA 


SSO 





1 1 1 1 1 1 1 





OlOiOiOl 


Rbd 


10 





SEGMENT 


OFFSET 






LDB Rbd, LABEL 












i ■ e-ti iiH" 





1 |1 ,0,0,0,0 





0,0,0, o! 


Rbd 




DA 




1 


SEGMENT 




12 






OFFSET 








LDB Rbd, LABEL (Rx) 










NS 





1 1 1 lOiOiQtO 


01 m^Q ri ma 


10 


X 


ADDRESS 



SSO 



SLO 






1 1 1 lOi-OrO-iOtO 


;l flbd 





SEGMENT 


OFFSET _ 


LDB Rbd. LABEL (Rx) 





1, 1,0,0,0,0,0 


Rx ^ 1 Rbd 


1 


SEGMENT 




OFFSET 



10 



13 



LDRB Rbd, LAB 

fti.Q 1 1 1 1.I.Q I fl I lOlOiQiOiOr 



OfSPLACEMENT 



NS, S 
(See note) 



LDB Rbd, RsT (D) 

, 0, 1 I 1 , Oi 0| 0| 0| Rs_;^ 



Rbd 



DISPLACSilKMf i 



7iM 



" LDB Rbd, RsT (Rx) 



NS.S 



Oilililj 


1 1 0| 


Rs ?^ 1. Rbd 






V 



Operation 

Rbd<0:7>«-src<0:7> 



Description 

The source operand byte is loaded Into 
the destination byte register. The source 
operand is determined by the applicable 
addressing mode and the destination is 
always a general-purpose byte register 
designated by the Rbd field of the 
instruction. The contents of the source 
operand are unaltered, and the original 
contents of the destination are lost. 

Note: In the BA and BX addressing 
modes the segmented version requires 
the designation of a register pair, 
RRs / 0. as source tiase address 
register. 



Assembler Notation 

In the RA addressing mode the 
assembled displacement is a signed 
hvo^ cogglement number with a 
fange'olf +32,767 to -32,768. 

In the RA addressing mode the label LAB 
is used by the assembler to generate the 

displacement relative to the updated PC. 

In the BA addressing mode the value D is 
an unsigned integer which is assembled 
into the binary displacement. 

A LAB or D which results in a displace- 
ment outside the allowable range 
produces an assembler error. 



Flags 

C Z 



P,V DA 



Flags are not affected. 



- = Unaftected 
1 = Set 



8 = Qeared 
# = Conditional 



see description 



5-86 



LOB 



im<M,tm 



LDB 



Mode 



IR 



IR 



DA 



DA 



DA 



Version 



NS 



Mnemonic and Form 

LDB RdT, 1Mb 



NS 



SSO 



SLO 



NS 



SSO 



SLO 






0,0,0,1,1,0,0 


Rd 1 , 1 , 


Ol 


1 


7 


OPERAND 


7 


OPERAND 







LDB RRdt, 1Mb 





0,0, 0,1, 1,0,0 


RRd 1 , 1 , 


0| 


1 


7 


OPERAND 


7 


OPERAND 







LDB LABEL, 1Mb 





1|0|0,1|1|0|0 


0,0 


OiOlOi 1 





1 


ADDRESS 


7 


OPERAND 


7 


OPERAND 







LDB LABSSO, 1Mb 





1 |0|0,1 ,1 ,0,0 


0,0 


OiOlO, 1 





1 





SEGMENT 


OFFSET 


7 


OPERAND 


7 


OPERAND 







LDB LABEL, 1Mb 





1|OiO,1, 1,0,0 


0,0 


OiOlOi 1 , 


Ol 


1 


1 


SEGMENT 




OFFSET 


7 


OPERAND 


7 


OPERAND 







LDB LABEL (Rx), iMb 





1iO|0|1|1|0,0| RX5*0 |0|1 





1 


ADDRESS 


7 


OPERAND 


7 


OPERAND 







LDB LABSSO (Rx), IMb 





1,0,0,1,1,0,0 


Rd ^ 1 , 1 1 





1 





SEGMENT 


OFFSET 


7 


OPERAND 


7 


OPERAND 







LDB LABEL (Rx), IMb 





1,0,0,1,1,0,0 


Ra 






1 


1 


SEGMENT 










OFFSET 


7 


OPERAND 


7 


OPERAND 








Cloclcs 



11 



11 



14 



15 



17 



15 



15 



18 



Operation 

dst<0:7>«-IMb<0:7> 



Description 

The immediate byte operand following 
the instruction in memory is loaded into 
the destination. The destination is 
determined by the applicable addressing 
mode. The original contents of the 
destination are lost. 

In the IR mode, RO (or RRO) can be 
designated as the general-purpose 
destination rsgister. 



Flags 

C Z S PA/ DA H 



Rags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

« = Conditional - see description 



S#7 



LOAD JMNiPiiit^limNMl^ 

(See also LOK - Lmi MnitM» (igft M() a register) 



Mode 


Version 


Mnemonic and Form 


Clocl(s 


Operation 






LOB Rbd. 1Mb 




Rbd'al^>«-lMb<0:7> 


R 


NS, S 


II1I1O.0I Rbd 1 

i 


1Mb 1 5 










.. 

•1 ■'VAM-'-l "1 














1 









Description 










The immediate byte value in the 










instruction field, 1Mb, is loaded into the 










destination. The destination is always a 










yciicldl puipUoc uyie leyiblei UcoiyilatcU 










by the Rbd field of the instruction. 






































.1 t 1 




i 






'* - ■ 





Flags 

C Z S P/V DA H Flags arertoJ-iaffected. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



5-88 



LDCTL 



LDCTL GBv fls 
This is a SYSTEM instrwction 



LDCTL 



Mode 



Version Mnemonic and Fdrm 



Clocks 



LDCTL CR, Rs 

NS, S I I 1 I 1 I 1 ] 1 I 1 I I 1 I Rs I 1 I CR I 7 



CR<0:15>^Rs<0:15> 



Description 

The CPU 
by the Bs 

The CR field 



cojitRol i«gister specilted In ttw CR field of the Jns^i^an is l(@Ml;fi'e)m ti;ie-^Mal'pj|po^ seuree woi>d register specified 
fieldoMein^ruetioh'Theorigindsontetite^^^^ > 

decodes are shoWfi belOWi ' " • ' 







CR 


CR Field 


Destination 


Notation 









1 






1 


FCW 


FCW 


1 1 


Refresh register (bits 1 through 15) 


REFRESH 


1 


NPSAP segment 


PSAPSEG 


1 1 


NPSAP upper offset 


PSAPOFF 


1 1 


R14 (normal stack pointer, segment) 


NSPSEG 


1 1 1 


R15 (normal stack pMtelSlfset) 


NSPOFF 



(Note that the LDCTL instruction is rSsfxi^ to tetd ts thg' 
pointer.) 



Assembler Notation 

The assembler determines the CR field by the reserved word specified according to tfie table atiove. 



Flags 

C Z S P/V DA H 



Flags are affected . only ifitte FCW is selected as the destination. 



- = Unaffected 

1 = Set 

= Cleared 

* = Condit onal - see description 



LDCTL 



LDCTL Rd, CR 
This is a SYSTEM instruction. 



LDCTL 



Mode Vwsion Mmmonic and Form Clocks 

LDGTL Rd. CR 

R NS.S lOalililililiOjtl Bd lOl y<m1 . 



Operation 

Rd<0:15>«-CR<0:15> 



Description 

The contents of the CPU control register specified in the CR field of the Instruction are loaded into the general-purpose destination 
word register specified |}y the Rd field of ttie instruction. The original contents of the destination are lost. Where a control register 
word o( Miss twn IS te'it l^itiled into the destination register, zeros are loaded into the unus^fKl 1^ positions. . _ . . . 

The CR field decodes are shown twiow: 







CR 


Field 


Source 


Notation 









1 


vc.- 


- C ' 


10 


FCW' n.ocwc '1 • - 


FCW - 


1 1 


Refresh (bits 1 through 8) 


REFRESH 


1 


NPSAP segment 


PSAPSEG 


1 1 


NPSAP upper offset 


PSAPOFF 


1 1 


R14 (normal stack pointer segment) 


NSPSEG 


1 1 1 


R15 (normal stack pointer offset) 


NSPOFF 



{Note that the LDCTL mstruetliEVi is n0i used to laaei ftotn ttw system stack 
pointer.) 



Assembler Notation 

The asseml:tor: determines the CR field by the reseroed wn^ tN 



d aesQrctrtg to ttn Mile above. 
^tn6^^'fc•¥1»em 91*1 >a t 



Flags 

C Z 



P/V DA 



Flags are not affected. 



- = Unaffeiiiii' < - : " 

1 = Set 

= Cleared 

* = Conditional - see description 



.DCTL^ 



LOAD ^\s$%^^ms- 



LDCTLB 



Mode 



R 



Version 



Mnemonte dfid Form 

LDCTLB FLAGS, Rbs 



Clocks 



NS, S |1|0|0|0|1|1|0|0| 



Rbs 



n | | | 1 



FCW<0:7>^Rbs-tO:7> 



Description 

The flag byte of the FCW is loaded from a 
general-purpose byte source register 
designated by the Rbs field of the 
instruction. The previous contents of the 
flag register are lost. 



Assembler Notation 

The assembler notation for the flag byte of 
the FCW is the reserved word: FLAGS. 



Flags 

C 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



Flags are aft^eted aSJ^s^iied above. 



LDCTLB 



LQ^D. flag •l)^H|r^ a f|tfaif©r 



LDCTLB 



Mode 



R 



Version Mnemonic and Form 



Clocl(s 



NS, S 



LDCTLB fifed. iBt^Sl 
Ili0i0i0i1,1.0i0l 



Rtx) 



|fl|P|0,|1 



Operation 

Rbd<0:7>—FCW<0:7> 



Descripthm 

The flag byte of the FCW is loaded into 
the general-purpose byte destination 
register designated by the Rbd field of ttie 
instruction. The previous contents of the 
destination rogistBr are lost. 



Assembler Notation 

The assembler notation for the flag byte of 
the FCW is the reserved word: FLAGS. 



Ptags 

C Z S P/V DA H Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



LDD 



LDD 



IR 



IR 



Version 



iNS 



Mnemonie ftnct FOrm 

LDD RdT, RsT, Rc 



1 ,0,1 |1 


1,0,1,1 


Rs 


1 |0|0|1 


,,0 | O'l 1 


Rc 


m ? 




LDD RRdT, RRsT, Rc 


1,0,1,1 


1,0,1,1 


RRs 


1 |0|0|1 


1 1 1 


Re 


RBd ; 





Clocks 



20 



20 



O^awioii ' 

dst<0:15>«-src<0:15> 
Rs<0:15>«-Rs<0:15>-2 
Rd<0:1|>«-Rd<;p:15> -2 
Rc<0:15>«-Rc<b:15>-1 



Description 

The source word operand is loaded into 
the word destination. Both the source and 
destination operands are addressed by 
the generai-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the instruction. The contents of the 
source are unaltered and the original 
destination contents are lost. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of Rs and Rd are both 
decrennented by two. 

F)0 can be designated as the general- 
purpose source or destination register. 



Flags 

c z 



S P/V DA H 



;P/Vi^t:ieiil lfFresiilt!#deGriementing Rc Is zero. Reset otiienwlse. 



- — Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



LDDB 



LDDB dst,:^^, Pte 



LDDB 



Mode 



IR 



IR 



Version 



NS 



Mnemonic and Form 

LDDB RdT, RsT, Rc 



1 |0|1 |1 


1,0,1,0 


Rs 


1 1 1 1 1, 


OlOiOlO 


Rc 




1 ,0riOitl 


LDDB RRdT, RRsT, Rc 


1 rOil i1 


1,0,1,0 


RRs 


1 , OiOi 1 


OiOiOiO 


Rc 


BRd ; 





Clocks 



2& 



> -u ■ ;i • t '«') iittiU .r«i»ij6f Itti' . 
, ■ ;,vtti lo; Cf, uii, 



Flags 

C Z S PA/ ©A H 



Operation 

dst<0:7><-src<0:7> 
Rs<0:15><-Rs<0:15>-1 
Rd<0:15>'<-Rd<0:15>~1 
Rc<0:15>«-Rc<0:15>-1 



Description 

The source byte operand is loaded into 
tfie byte destination. Both ttie source and 
destination operands are addressed by 
the general-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the instruction. The contents of the 
source are unaltered and the original 
destination contents are lost. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of Rs and Rd are both 
decremented by one. 

RO can be designated as the general- 
purpose source or destination register. 



P/V; Setto 1 if result of decrementing Rc is zero. Reset otherwise. 



- = Unaiifected 
1 = Set 
= Cleared 
♦ = ConHiftmal 



see description 



5-94 



LDDR 



L^AD memory iMorcl to Aiemofy^ «iUlMei^%iAiaiit^fe|j)eal 



LDDR 



Mocto 
IR 

IR 



version 



NS 



Mnemonic and Form 

LDDR RdT, RsT, Rc 



1,0,1.1 


1.0,1,1 


Rs 


1 ,0.0.1 


OjOrOid' 


Rc 


Rd 




LDDR RRdt, RRst, Rc 


1,0,1,1 


1,0,1,1 


RRs 


1,0,0.1 


OiOiOiO 


Rc 


RRd 


-ftiiOjOjffi 



Clocks 



11 * 9n* 



11 + 9n* 



*n is the number (4 Iterations. 



Operation 

dst<0:15>«-src<0:15> 
Rs<0:15><-Rs<0:15>-2 
Rd<0:15>-^Rd<0:15>-2 
Rc<0:15>'<-Rc<0:15>-1 
Repeat until termination. 



Description 

The source word operand ts loaded into 
tlie word destination. Both the source and 
destination operands are addressed by 
the general-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the instruction. The contents of the 
source are unaltered and the original 
destination contents are lost. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. Tlie 
contents of Rs and Rd are both 
decremented by two and the operation will 
repeat until termination. 

Termination occurs when the contents of 
Rc are zero. This instruction is 

interruptible. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1. 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditional 



see description 



5-95 



LPPRB 



LPf(Rp«lsfe^4 BSC 



LPORB 





Version 


Mnemonic and Form 

LDDRB RdT, RsT, Rc 






IR 


NS 


1,0,1,1 


1,0i1,0 


Rs 




OiOiOiO 


Rc 


m 





LDDRB RRdT, RRsT, Rc 



IR 



1,0,1,1 


1 |0|1 |0 


RRs 


,1 |0|0|lj 


:®i*i0 1 


Re 







*n is the numl>er of iterations. 



■1 

>• 'f. 



I . SI 

.JC ' 



.:.')i''M'^ri>'" 'jCi K 



I 13- 

■■tnv-. 



Operation 

dst<0:7>^src<0:7> 
Rs<0:15>^Rs<0:15:>-1 
Rd<0:15>^Rd<0:15^-1 
Rc<0;15><-Rc<0:1 5> - 1 
Repeat until termination. 



Oeacrtptton 

The source byte operand is loaded into 
the byte destination. Both the source and 
destination operands are addressed by 
the general-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the instruction. The contwits of the 
source are unaltered and the original 
destination contents are lost. The 
contents of the general-purpose register 
designated by the Rc field of tfie 
instruction are decremented by one. The 
contents of Rs and Rd are both 
decremented by one and the operation 
will repeat until termination. 

Termination occurs when the contents of 
Rc are zero. This Instruction Is 

interruptible. 

RC can be designated as the general- 
purpose source or destination register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1. 



1 = Set 
' = Cleared 
♦ = Conditional 



see description 



5-96 



LDI 



UM (tet; SlSSj 



LDI 



Mode 
IR 

IR 



Version 



NS 



Mnemonic and Form 

LDI RdT, RsT, Rc 



1,0,1,1 


1|0|1|1 


Rs 


OiOiOi 1 


OlOiOlO 


Rc 


Rd 


1 iQi,Qj& 


LDI RRdt, RRst, Rc 


1,0,1,1 


1,0,1,1 


RRs 


0,0,0,1 


0,0,0,0 


Rc 


vm 


.1 lOjOlO 



Clocks 



20 



20 



Operation 

dst<0:15><-src<0:15> 
Rs<0:15><-Rs<0:15>+2 
Rd<0:15>^Rd<0;15>+2 
Rc<0;15>-i-Rc<0:15>-1 



Dmertptlon 

The source word operand is loaded into 
the word destination. Both the source and 
destination operands are addressed t>y 
the general-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the instruction. The contents of the 
source are unaltered and the original 
destination contents are lost. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of Rs and Rd are both 
Incremented by two. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

c z 



P/V DA H 



P/V: Set to .1 if. result of decrementing Rc is zero. Reset otherwise. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see descrif^on 



5^97 



LDIB 



asm m 0^9^' 



LDIB 



Mode 



in 



IR 



Version 



NS 



Mnemonic and Form 

LDIB RdT. RsT, Rc 



1 iOi1 i1 


1lO|1,|p 






1 1 1 


Rc ■ 


W 




LDIB RRdt, RRst, Rc 


1.0,1,1 


1,0,1,0 


RRs 


0,0.(0,1 


OiOiQiO 


Rc 


RRd 





Clocks 



r ^ 



e<yii ': eft' 

. .-q-ieTt! 
aHH lo) bS Drib 3 ■< m 
-.05 «hT T.oisati'ai:' am to 

•I'" 1801 * h 3!i>S>nir--n'.i.|'5r!.-!6'i 
U' liBi Wji,ij<j-l."efM>9e'« ■ •■;'»)t-';:j 

f-i; kl "iKw: af< eflf '(d OBlf .tgieC:!) 

i.-vl o w !•>« ^ne : R V ■ '■-•1 ^o. 



Operation 

dst<0:7>«-src<0:7> 
Rs<0:15>«-Rs<0:15> + 1 
Rd<0:15>^Rd<0:15> + 1 
Rc<0:15>«-Rc<0:15>-1 



Descrl|9tlon 

The source byte operand is loaded into 
the byte destination. Both the source and 
destination operands are addressed by 
the general-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the Instruction. The contents of the 
source are unaltered and the original 
destination contents are lost. The 
contents of the general-purpose nagMiar 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of Rs and Rd are t>oth 
incremented by one. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

C Z S P/V DA H 



P/V: Set to 1 if result of decrementing Rc Is zero. Reset otherwise. 



- = Unammi - - • - 

1 = Set 
= Cleared 

* = Conditional - see description 



LDIR 



LDIR 



Mode 



IR 



IR 



V|«rsion Mnemonic aM Pbrm 

LDIR RdT, Rst, Rc 



1 |0|1 |1 


1 |0|1 ,1 


Rs 


OiOiOl1 


OlOiOlO 


RC 


Rd 




LDIR RRdT, RRsT, Rc 


1 iO,1 |1 


1,0,1,1 


RRs 


0|0|0|1 


OiOiOiO 


Rc 


RRd 


L0-I.O 1 1 



Clocks 



1 1 + 9n* 



11 + 9n' 



•n Is the number of Iterations. 



dst<&:1 5>«-«rc<0:1 5> 
Rs<0:15>«-Rs<0:15>+2 
Rd<0:1 5>*-Rd<0:1 5> +2 
Rc<0:15>«-Rc<0:15>-1 
Re|}eat uMI termlnsdion. 



Description 

The source word operand is loaded into 
the word destination. Both the source and 
destination operands are addressed by 
the general-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the instruction. The contents of the 
source are unaltered and the original 
destination contents are lost. The 
contents of the general-purpose register 
designated by the Rc field of the 
instruction are decremented by one. The 
contents of Rs and Rd are both 
incremented by two and the operation will 
repeat until termination. 

Termination occurs when the contents of 
Rc are zero. This instruction is 
interruptible. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1 . 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



5-S9 



LOIRB 



I LPIRB 



Mnemonic and Form 

LDIRB Rdt, RsT, Rc 



IR 



IR 



NS 



1|0|1|1 


1 lOi 1 1 


Rs 


OiOiOi 1 


0|0|0|0 


Re 


Rd 




LDIRB RRdT, RRsT, Rc 


liOilil 


1iO,1iO 


RRs 


OlOiOr 1 


OiOiOiO 


Rc 


RRd 





Clocks 



11.+ 9n* 



.1.1.+ 9n* 



*n is the number of iterations. 



t , -f • ■•rir-.. 



Operation 

dst<0:7>^src<0:7> 
Rs<0:15>^Rs<0:15 > + 1 
Rd<0:15>^Rd<0:15->+1 
Rc<0:15>«-Rc<0:15>-1 
Repeat until termination. 



Description 

The source byte operand Is loaded into 
the byte destination. Both the source and 
destination operands are addressed by 
tlie general-purpose registers designated 
in the Rs and Rd (or RRs and RRd) fields 
of the instruction. The contents of the 
source are unaltered and the original 
destination contents are iost. The con- 
tents of the general-purpose regtetttr 
des^na^ the Rc field of the 
instruofion are decremented by one. The 
csnterdS of Rs and Rd are botti incre- 
mented by one and the operation will 
repeat until termination. 

Termin<aiUwo9i%ig when the contents of 
Rc are zero. 

This instruction is interruptible. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 



c 


z 


s 


P/V 


DA 


H 


- - 




1 







P/V: Set to 1. 



1 = Set 
= Cleanpet 

* = CondMonal - ^mmsaH/fimx 



5-100 



LDK 



LOAD IMMEPlATt,digyntQ a m^m 

(See also LDB - Load Immedi^ byte into a register) 



LDK 



Mode 

R 



Version Mnemonle<aiict Form 

LDK Rd, IMd 

NS, S I 1 I I 1 I 1 I 1 ] 1 I I 1 I Rd I 



Clocks 



IM 



djst<0:3><-IMd<O;3> 
ctst<4:15>— 



Description 

The immediate digit value in the in- 
struction field, IMd, is loaded into the 
least significant four bits of the destination. 
The destination is a general-purpose word 
register designated by the Rd field of the 
instruction. Following LDK the remaining 
bits of the destination register are cleared. 



P/V DA H 



Flags ar@ ii^pt affected.- ; 



— ^ Unaffected 

1 = Set 

= Cleared 

* = Conditional - see descfiprtion 



LDL 



LIMIL 



LDL dst, RRs 



LDRL LAB, RRs 



LDRL 



IR 
IR 

DA 
DA 
DA 



RA 



BA 



BX 



NS 

S 

NS 
SSO 

NS 

SSO 

SL.O 

NS, S 



•' '.Ml- 



LDL Rdt, RRs 

I I I I 1 I 1 I 1 I 1 1 I Rd I RrT 



Clocks 



LDL RRdT. RRs 

IO1O1O1I i1 i1 lOil I RRd I RRs I 

LDL LABEL, RRs 



OiiiOiiiiii]Oii|OiOiOiOl rrT 



ADDRESS 



LDL LABSSO, RRs 






1iOi1|1i1iO,1 


1 1 1 1 RRs 





SEGMENT 


OFFSET 


LDL LABEL, RRs 





1|0,1|1|1,0|1 


0|OiO|0| RRs 


1 






OFFSET 



LDL U\BEL (Rx), RRs 



Oi1iOi1i1i1iOil| Rxj^O I RRs 



ADDRESS 



LDL LABSSO (Rx), RRs 






1 lOi 1 1 1 1 1 lO, 1 


Rx 7^ 1 RRs 





SEGMENT 


OFFSET 


LDL LABEL (Rx), RRi 





1 1O1I ,1 ,1 1O1I 


Rx 1 RRs 


1 


SEGMENT 




OFFSET 


LDRL LAB, RRs 





0,1,1,0,1,1,1 


1 1 , 1 RRs 


DISPLACEMENT 



LDL RdT (D), RRs 



»@,S 
(S9e note) 



NS, S 
(S^ ikH^ 



»,a, 1 ,1 ,0| 1 1 1 1 1 1 Rd # I 



DISPLACEMENT 





0, 1 1 1 1 1 


Rd ?^ 1 RRs 




Rx 





11 



11 



14 



15 



17 



15 



15 



18 



17 



17 



17 



Operation 

dst<0:31 ><-RRs<0:31 > 



Description 

The long word contents of the source 
register are loaded Into the long word 
destination. The source operand is always 
a general-purpose long word register pair 
designated by the RRs field of the 
instruction. The long word destination is 
determined from the applicable 
addressing mode. The contents of the 
source are unaffected and the original 
contents of the destination are lost. 

In the mode RO (or RRO) can be 
designated as the general-purpose 
destination register. 

Note: In the BA and BX addressing 
modes the segmented version requires 
the designation of a register pair, 
RRd = 0, as destination base 
address register. 



Assembler Notation 

In the RA addressing mode the 
assembled displacement is a signed two's 
complement number with a range of 
+32,767 to -32,768 

In the RA addressing mode the label LAB 
is used by the assembler to generate the 
displacement relative to the updated PC. 

In the BA addressing mode the value D is 
an unsigned integer which is assembled 

into the binary displacement. 

A LAB or D which results in a displace- 
ment outside the allowable range 
produces an assembler error. 



Flags 

c z 



P/V DA 



Flags are not affected. 



= Unaffected 

1 = Set 
= "Cleared 

* = Conditional - see descriplion 



5-102 



LDL 



LDRL 



LDRL RRd, LAB 



LDRL 



IM 

IR 
IR 

DA 
DA 

DA 



RA 



BA 



BX 



Vorsion 

NS,S 

NS.S 



Mnamonlc and Form 

LDL RRd, RRs 



RRs 



RRd 



LDL RRd, \MV 



0|0,0, 


|0| 


1|0,0|0|0|0|0| 


RRd 


31 




OPERAND 


16 


15 




OPERAND 


pi 





LDL RRd. Rst 






NS 





OiOil 


, 1 1 0, 1 ns^O 


RRd 




LDL RRd, RRsT 






S 





0|0|1 


0,1,0,0 


RRs ¥ 


RRd 




LDL RRd, LABEL 






NS 





1iOi1 


0,1,0,0 


0,0,0,0 


RRd 


ADDRESS 




LDL RRd, LABSSO 











1(0,1 


0,1,0,0 


0,0,0,0 


RRd 





SEGMENT 


OFFSET 




LDL RRd, LABEL 











1.0,1 


0,1,0,0 


0,0,0,0 


RRd 


SLO 


1 


SEGMENT 






OFFSET 




LDL RRd, LABEL (Rx) 






NS 





1 lOil 


0,1 ,0,0 


Rx 


RRd 


ADDRESS 




LDL RRd, LABSSO (Rx 


) 


sso 





1 lOi 1 


Oi 1 lOlO 


Rx RRd 





SEGMENT 


OFFSET 




LDL RRd, LABEL (Rx) 











1,0,1 


0,1 ,0,0 


Rx 


RRd 


SLO 


1 


SEGMENT 






OFFSET 




LDRL RRd, LAB 






Ns;s 


6 


Oj1,1 


0,1,0,1 


0,0,0,0 


RRd 


DISPLACEMENT 






LDL RRd, Rst (D) 






NS. S 




0,1,1 


0,1,0,1 


Rs 


RRd 


(See note) 


DISPLACEMENT 


LDL RRd, Rst (Rx) 






NS, S 




1,1,1 


0,1,0,1 


Rs ^ 


RRd 


(See note) 




Rx 


^^^^^^^ 



11 



11 



11 



12 



13 



15 



13 



13 



16 



17 



17 



17 



RRd<0:31 >*-sre<0:31 > 



Description 

The source operand long word is loaded 
Into the destination long word register. 
The source operand Is determined by the 
applicable addressing mode and the 
destination is always a general-purpose 
long word register pair designated by the 
RRd field of the instruction. The contents 
of the source operand are unaltered while 
the original contents of the destination 
are lost 

Note: In the BA and BX addressing 
modes the segmented version requires 
the designation of a register pair, 
RRs # Q, a» $9Ui(<Pe base a^ress 



Assembler Notation 

In the RA addressing mode the 
assembled displacement is a signed two's 
complement number with a range of 

*32,767 to -32.768. 

In the RA addressing mode the label LAB 
is used by the assembler to generate the 
displacement relative to the updated PC. 

In the BA addressing mode the value D is 
an unsigned Integer which is assembled 
into the binary displacement 
A LAB or D which results in a displace- 
ment outside the allowable range 
produces an assembler error. 



Flags 

C Z 



Flags are not affected. 



P.'V DA 



- = Unaffected 
1 = Set 



= Cleared 
* = Conditional 



see description 



S-103 



LOAP multiple registers into rnemory 
LDM dst, Rs, N 



LDM 



Mode 

IR 

IR 
DA 

OA 
DA 



Version Mnemonic and Fornn 

LDM Rdl, Rs. N 



NS 



SSO 



°J°l°J ''J 


1 1 1 lOlO 


1 Rd 7? 


1,0,0,1 




Rs 




n 


LDM RRdT, Rs, N 


1 1 1 1 


1 1 1 1 0, 


RRd ^ 


1 ,0,0,1 




Rs 




n 


LDM LABEL. Rs. N 




1i1iO,0 


OjOjOiO 


liOiOil 




Rs 




n 


ADDRESS ^ 


' ' " _ J. 

LDM LABSSO, Rs, N 




1 1 1 lOiO 


^Oj 1^0 


1,0,0,1 




Rs , 




n 


1 SEGMEiirr 





LDM LABEL, Rs, N 



-ifm. ■■mo 91 





1,1,0,0 


o^OJ 0^0 


1 |0|0, 1 




Rs 




n 


1 1 SEGMENT 






LDM LABEL (Rx), Rs, N 


Oi l.iOi 1 


1,1|0,0 




1,0,0,1 




Rs 


Rx 5^ ^ 


n 



L 



ADDRESS 



Clocks 



11 + 3N 



11 + 3N 



14 + 3N 



15 + 3N 



17 + 3N 



15 + 3N 



LDM LABSSO (Rx), Rs, N 



SSO 



SLO 



0|1, 0,1,1, 1,0,0 


Rx 7t 


1,0,0,1 


mm!m rs 


tf:¥:¥:¥:-:¥:¥fi 


n 


Q i . s sMiiir . 




LDM LABEL (Rx), Rs, N 


0|1,0|1 1,1,0,0 


Rx ?^ 


1,0,0,1 






n 


1 1 SEGMENT 









15 + 3N 



18 + 3N 



Operation 

dst+n<0:15>«-Rs+n<0:15> 
Repeat torn = 0, 1, 2, . . ., tS. 



Description 

A specified number of general-purpose 
word registers are loaded into memory. 
Loading will take place into consecutive 
memory locations with ascending 
addresses. The first register to be saved 
is specified in the Rs field of the 
instruction and registers will be accessed 
in ascending order, with RO following R15. 
The number of registers to be saved is 
specified in the n field of the instruction. A 
zero in this field represents one register, 
etc. The destination address is 
determined by the applicable addressing 
mode using the Rd or Rx field of the 
instruction. The first register will be saved 
at this address. Succeeding registers will 
be saved at successive memory locations. 
The contents of the general-purpose 
registers are not altered. 

This instruction is not interruptlble. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
1 to 16, and n = N - 1. Specifying an N 
outside of the allowable range produces 
- efe^seerNtNer-erFor. 



Flags 

C Z 



P/V DA H 



Flags are not affected. 



- = Unaffeiliil. . . J 

1 = Set 

= Cleared 

* = Conditional - see description 



LDM 



LOADjinultipte c^^istils^^^ memory 
LCMil l^'SFC, N 



LDM 



Mode 



IR 



IR 



DA 



DA 



DA 



Version Mnemonic and Form 

LDM Rd, RsT, N 



NS 



NS 



SSO 



SLO 



SLO 





1,1,0,0 


Rs 


0,0i0,1 




Rd 




n 


LDM Rd, RRsT, N 


OiOiOi1i1i1iOiO| RRs ¥^0 1 1 1 1 1 




Rd 




n 


LDM Rd, LABEL, N 




1,1,0,0 




OiO,Oi 1 




Rd 




n 


ADDRESS 


LDM Rd, LABSSO, N 


0|1|0j1,1|1|0|0 


^0 , 1 


0,0,0,1 


^^M^ Rd 




n 


1 SEGMENT 


OFFSET 



LDM Rd, LABEL, N 





1 , 1 |0|0 


^Oj ^0 


0,0,0,1 




Rd 


SSj'i'S'jii'iijii! 


n 


1 1 SEGMENT 






OFFSET 



LDM Rd, LABEL (Rx), N 



X NS 


0,1,0,1,1,1,0,0 


Rx 


0,0,0,1 


^mm Rd 


•:•:■>:•:•:•:•:•»:« 

55*:*:*:*:*Kj 


n 


ADDRESS 




LDM Rd, LABSSO (Rx), N 


X SSO 




Rx 


, 1 , 1 


0,1,0,1^1,1,0,0 




n 


i SEGMENT 


OFFSET - 



LDM Rd, LABEL (Rx), N 



0,1,0,1,1,1,0,0 


Rx 


0,0,0,1 






n 


lT oEuivitl,, 






OFFSET 



Clocks 



11 + 3N 



11 +3N 



14 + 3N 



15 + 3N 



17 + 3N 



15 + 3N 



15 + 3N 



18 + 3N 



Operation 

Rd+n<0:15>->-src + n<0:15> 
Repeat torn = 0, 1, 2, . . ., 15. 



Description 

A specified number of general-purpose 
word registers are loaded witli words from 
consecutive memory locations with 
ascending addresses. The first register to 
be loaded is specified In the Rd field of 
the instruction. The registers will be 
addressed in ascending order for losKling, 
with RO following R15. The nunber of 
registers to be loaded is specified in tfte 
'n' field of the instruction. A 2era In this 
field represents one register, etc. A 
source operand address is generated 
according to the applicable addressing 
mode. The first register will be loaded 
from this location. Succeeding registers 
will be loaded from successive memory 
locations. The memory contents are not 
altered. 

This instruction Is not interruptible. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled Into the bit 
field n of the Instruction. The range of N is 
1 to 16, and n = N - 1 . Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

c z 



P/V DA H 



Flags are noJ affected. 



- - Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 



5-1 D6 



LDPS 



^' LDPS sit 
This is a SYSTEM instaiction. 



LDPS 



Mode Version Mnemonic and Form 



IR 

IR 

DA 
DA 

DA 



Clocks 



NS 
S 

NS 
SSO 

SLO 

NS 



SSO 



SLO 



LDPS Rst 



ill 6 1 111 1 1 1 1 6 1'l I Rs 1 I 1 I 1 12 



LDPS RRsT 

|0i0i1i1i1i0i0ill RRs * lO lOi lOl 

LDPS LABEL 

Oi1i1i1i1iOiOil|OiOiOiOlOiOiOiO 



ADDRESS 



LDPS LABSSO 






1,1,1,1,0,0,1 


0|0|0|0|0,OiO,0 





SEGMENT 


OFFSET 


LDPS LABEL 





1i1i1i1fOiO,1 




1 


SEGMENT 




OFFSET 



LDPS LABEL (Rx) 

' I 1 I 1 I 1 , 1 I I , 1 I Rx ;^ I , I I 



ADDRESS 



16 



16 



20 



22 



17 



LDPS LABSSO (Rx) 






1 i1 |1 |1 1O1O1I 


Rx !^ 1 1 


,0|0 







SEGMENT 


OFFSET 




LDPS LABEL (Rx) 











1|1|1r1iOiOi1 


Rx 7^ |0|0 


,0,0 




1 


SEGMENT 




23 


OFFSET 





1(1 <«• i|«1ir-.j.r,fc . 



Operation 



Description 

This instruction loads the processor 
status from consecutive memory 
locations with ascending address. The 
starting address of the status is 
determined by the applicable addressing 
mode. In AmZSOOl the status is four 
consecutive words, and in Am2l002 the 
status is two words. 

The PC segment number is not affected 
by this Instruction in non-segmented 
mode. 



Flags 

C Z 



P/V DA H 



The processor flags are loaded with the contents of the new FCW. 



- = Unaffected * ' 

1 = Set 
= Cleared 

♦ = Conditional - see description 



5-106 



LDR 



LOAO RELAT4¥E tec>Rf inio 
(See also LD - Load word into 



LDB 



Mode 



RA 



Version Mnemonic and Form 



NS.S 



LDR Rd. LAB 

OiOi1i1iOiOiO|l|OiOiOiO| 



Rd 



DISPLACEMENT 



Clocks 



14 



Operation 

FW<0:15>*-src<0:15> 



Desertptlon 

The source operand word Is loaded Into 
the destination word register. The source 
operand is determined t>y the RA 
addressing mode and the destination is a 
general-purpose word register designated 
by the Rd field of the instruction. The 
contents of the source operand are 
unaltered while the original contents of the 
destination are lost. 



Assembler Notation 

The assembled displacement is a signed 
two's complement number with a range of 
+ 32,767 to -32,768. The label LAB is 
used by the assembler to generate the 
displacement relative to the updated PC. 
A LAB which results in a displacement 
outside the allowalile range produces an 
assembler error. 



Flags 

C Z 



Flags are not affected. 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



LDR 



LOAD RELAeFIVE vioKf r^ter M memory 

LOaLAB, Rs 
(See also LD - Load word register irtio mdmory) 



LDR 



Mode 



RA 



Version Mnemonic and Form 



LDR LAB, Rs 



NS.S 



0,0i1i1i0i0i1 |1 lOiOiOiOl 



Rs 



DISPLACEMENT 



Cioclts 



14 



AJ 



Operation 

dst<0:15>«-ns<0:15> 



Description 

The word contents of the source register 
are loaded into the word destination. The 
source operand is a general-purpose 
word register designated by the Rs field of 
the Instruction. The destination is deter- 
mined by the RA addressing mode. The 
contents of the source are unaltered, 
and the original contents of the destination 
are lost. 



AsMNibter Notation 

The assembled displacement Is a signed 
two's complement number with a range of 
-1-32,767 to -32,768. The label LAB is 
used by the assembler to generate the 
displacement relative to the updated PC. 
A LAB which results in a displacement 
outside thft allowable range produces an 
assembM error. 



Flags 

C Z S P/V DA H 



Flags are: not aftected. 



- = Unaftectsd 

1 = Set 

= Cleared 

* = Conditional - see description 



mm 



LDRB 



LOAD ^R€L^lVS^I^^iM^ 

(See .also LDB^ Isoadbyte regiaaririlo inemory) 



LDRB 



Mode 



RA 



Version 



NS. S 



Mnemonic and Form 

LDRB LAB, Rbs 



OiOi1i1iOiOi1 lOlOiOiOiOj Rte 



DISPLACEMENT 



Clocks 



14- 



Operation 

dst<0:7>«-Rbs<0:7> 



Deserlptlon 

The byte contents of the source register 
are loaded into the byte destination. The 
source operand is a general-putpoee byte 
register designated by the Rbs field of the 
instruction. The destination is determined 
by the RA addressing mode. The contents 
of the source are unaltered, and the 
original contents of the destination are 
lost. 



Assembler Notation 

Thie assembled displacement is a signed 
two's complement number witti a range of 
+32,767 to -32,768. The label LAB is 
used by ttie assembler to generate ttie 
displacement that is added to the updated 
PC. A LAB which results in a displace- 
ment outside the allowable range 
produces an assembler error. 



Flags 

C Z 



P/V DA H 



FIs^ are n^.itffeete^^ 



- ^ Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



5-109 



LDRB 



t§ee al9o>&B|t»^ Miaiiiyts int#i«glster) 



LDRB 



Mode Version Mnemonic and Form 
RA NS.S 



OiOi1 |1 |0|0|0|0|0|0|0|0| 



Rbd 



DISPLACEMENT 



Clocks 



14 



Operation 

Rbd<0:7>«-src<0:7> 



DMcriptlon 

The source operand byte is loaded into 
the destination byte register. The source 
operand is determined by the RA 
addressing mode and the destination is a 
general-purpose byte register designated 
by the Rbd field of the instruction. The 
contents of the source operand are 
unaltered while the original contents of the 
desttnatlQn me lost. 



■Jinj. ■ ■ •-'Mrjiv '-.«t I 



Assembler Notation 

The assembled displacement is a signed 
two's complement number with a range of 
+32,767 to -32,768. The label LAB is 
used by the assembler to generate the 
displacement that is added to the updated 
PC. A l-AB which results in a displace- 
ment outside the allowable range 
produces an assembler error. 



J 

Flags 

C Z S P/V DA H Flags are not affected. 



— Unaff^ct&d 
1 = Set 
= Cleared 

* = Conditional - see description ii ♦ 



5-110 



LDRL 



LOAQ fWU^WB iom3>^*^0$» m/mmoTY 

(See also LDL - LOAD long word register Into memory) 



LDRU 



Mod* 



RA 



Version 



NS.S 



Mnemonic and Form 

LDRL LAB, RRs 

O1O1I1I1O1I1I1IIO1O1O1OI 



RRs 



DISPLACEMENT 



Clocks 



47 



Operation 

dst<0:31 ><-RRs<0:31 > 



Description 

The long vrard contents of the source 
register are loaded into the long word 
destination. The source operand is a 
gMieral-purpose long word register 
designated by the RRs field of the 
instruction. The destination is determined 
by the RA addressing mode. The contents 
of the source are unaltered, and the 
original contents of the destination are 
lost. 



Assembler Notation 

The assembled displacement is a signed 
two's complement number with a range of 
+32,767 to -32,768. The label LAB is 
used by the assembler to generate the 
displacement that is added to the updated 
PC. A LAB which results in a displace- 
ment outside the allowable range 
produces an assembler error. 



Flags 

C Z S P/V DA H 



Flags ar^ ijoLaffe^d. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditioncil - see description 



5-111 



LDRL 



Version Mnemonic and Form 



RA 



LDRL RRd, LAB 




BRd 


Oi0i1i1i0i1i0il|0i 





Clocks 



.17 



Operation 

RRd<0:31 ><-src<0:31> 



Description 

The source operand long word is loaded 
into the destination long word register. 
The source operand is determined by the 
RA addressing mode and the destination 
is a general-purpose long word re^^pter 
designated by the RRd field of the 
instruction. The contents of the source 
operand are unaltered while the original 
contents of the destination are lost. 



Assembler Notation 

The assembled displacement is a signed 
two's complement number with a range of 
+32,767 to - 32,768. The label LAB is 
used by the assembler to generate the 
displacement that is added to the updated 
PC. A LAB which results in a displace- 
ment outside the allowable range 
produces an assembler error. 



Flags 

C Z S P/V DA H 



Flags are not afte^C 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see descripttm 



MBIT 



This is a SYSTEM instruction. 



MBIT 



Clocks 



Mode Version Mnemonic and Form 

MBIT 

- NS, S |0|1|1|1|1|0|1|l|0|0i0i0hi0i1i0l 7 



Optratlon 



BMCrtpMen 

The rmilMetio input line m' is tested. 



Flags 

c z 



P/V DA H 



S: Set to 1 if /xl is inactive. Reset ofhenwise. 
Z: Undefined. 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditional 



see description 



MREQ 



MRlQRc 
This is a SYSTEM instruction. 



MREQ 



Vertion Mnemonic and Form docks 

MREQ Rc 

NS. S I I 1 ] 1 I 1 I 1 I I 1 I 1 I Rc I 1t1 I I 1 I 12 + 7n* 

*n is the numbei of decfemsnt8ii6ns. 
(n = If initial state of fll was LOW.) 



Operation 

See dasMpKeu) below. 



Description 

There is an Vernal input called Mi cro- in 
and an output called Micro-Out (^O). 
The_MREQ Instruction tests the state of 
the lit input. If the /il input ls_LOW, the 
instruction terminates. If the ^il Input is 
HIGH, the output Is activated and the 
general-purpose register designated by 

tfie Rc iield of the Instruction is 

decremented by one. The state of the n\ 
line is t^ted, and the contents of Rc are 
repeatedly decremented until they reach 
zero. The instructionjhen terminates with 
the /tO line LOW if /«£ls LOW, or with 
the fin line HIGH if fji\ is HIGH. 



Flags 

c z 



P/V DA H 



- = Unaffected 
1 = Set 
= Cleared 

* = CondMional sse «liBa^i)Mon 



_s ^ _ 

Instruction terminated after initial test of ti\. 

1 Instruction terminated due to contents of Rc reaching zero with^ HIGH. 

1 1 Instruction terminated due to contents of Rc reaching zero with /xl LOW. 
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MRES 



MULTIMICRO RESET 

MRES 

The is a SVSTEM in^ruetion. 



MRES 



Ckwla 



Varaton Mnemonic and Form 

MRES _ 

NS, S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 It 1 1 1 1 I 5 



mO<-HIGH 



Description 

The multimicro out iine iiO is reset HIGH. 



Flags 

C Z S P/V DA H 



Flags are hst affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



MSET 



MgLTJMISiRP SET 
Virilism SlSRMsi in^^ueiVn. 



MSET 



4 



Mode 



Cloeks 



NS, S 



MnemonlcMid Form v 

MSET 

|0|1|1|1|1iOi1il|OiOiOiOhiOiOiO| 5 



Operation 



5U 



Description 

The multimicro out line is set LOW. 
Note that this operation performs an 
unconditional setting of the /xO line, 
independent of the State of the multimicro 
in line nl 



Flags 

C 



P V DA 



Flags eii;e aft^sted. 



- = Unaffected 

I = Set 

= Cleared 

* = Conditional - see description 



mm: 



yULTIPLY register with wor<) 
l\4ULT RRfl,, s{C 



Mode 
R 

IM 

IR 
IR 

DA 
DA 

DA 



Version 

MS, S 

MS, S 
NS 



NS 



SSO 



SLO 



M® 



SSO 



SLO 



Mnemonic and Form 
MULT RRd, Rs 



|1 I I 1 1 I 1 I 1 I 1 | - V' Rs- T IF 

MULT, RRd, IM 

OiOjOi1|1|0|0|l|0|0|0|0| RRd 



Clocks 



MULT RRd, RsT 

|0i0i0i1i1|0|0il| Rs?iO I 



RRd 



MULT RRd, RRsT - 

lOi OiOi 1 J 1 lOi Oi 1 I RRs ^ I RRd I 

MULT RRd, LABEL 

0|1|0i1i1i0i0il|0i0i0i0| RRd 



ADDFjESS 



MULT RRd, LABSSO 






1 1 1 1 1 1 1 1 1 1 


1 1 1 1 RRd 





SEGMENT 


OFFSET 


MULT RRd, LABEL 





1,0,1,1,0,0,1 


, , , 1 RRd 


1 


SEGMENT 




OFFSET - 


MULT RRd, LABEL (Rx 







1.iO]1.i.1,iO,0|1 


Rx ?^ 1 RRd 


ADDRESS 



MULT RRd, LABSSO (Rx) 






1,0,1,1,0,0,1 


Rx ?s 1 RRd 





SEGMENT 


OFFSET 


MULT RRd, LABEL (Rx 







1,0,1,1,0,0,1 


Rx ^ 1 RRd 


1 


SEGMENT 




OFFSET 



70 



70 



70 



71 



72 



74 



72 



72 



75 



Operation 

RRd<0:31><-RRd<0:15>xsrc<0:15> 



Description 

The least significant word of a destination 
register pair (multiplicand) is multiplied by 
the contents of a source word operand 
(multiplier). The result Is loaded Into the 
destination, which Is a general-purpose 
register pair, designated by the RRd field 
of the instruction. The source operand Is 
determined from the applicable 
addressing mode. Both the multiplicand 
and multiplier are tdeated as signed two's 
complernent 1 6-bit integers. The original 
contents of the destination are tost The 
source contents are unaltered. 



Flags 

c z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Set to 1 If product is less than -2'= or greater than/equal to 2'^. Reset othenwise. 

Z: Set to 1 if product is zero. Reset otherwise. 

S.; Set to J if prodygt is negative. Reset otherwise, _____ _ . _. _ 

P/V: RfSiei " " ■■ --^ ^ 



Mmnkm Mnwnonic and Form 

NS,S 



Cloeks 



IM 

IR 

IR 

DA 



NS. S 

N8 

S 

NS 



WOiTL RQd. Rite ^ 

|1 1O1O1I i1 lOiOiOl RRs I RCKn a*^ « rrfi 

MULTL RQd, IMg 

OiQiOi1i1iOiOiO|OiOiOiOL 



31 



OPERAND 



15 



OPERAND 



16 282 +:7!rt!» 



MULTLRQd, Rst r 

IO1O1O11 1I lOiOiOl Rs^O I RQd | 282 + 7n' 

MULTL RQd, RRsT 

IOiOiOi1i1iOiOiO| RRs ^ I RQd | 282 + 7n' 

MULTL RQd, LABEL 

Oi1iOi1i1iOiOiO|0i0iOiO| RQd 



ADDRESS 



MULTL RQd. LABSSO 



sir.!. '.<i 



sso 





I1O1I1I1O1O1O 


1 1 1 1 RQd 





SEGMENT 


OFFSET 




MULTL RQd, LABEL 









1|0|1|1|0,0|0 


J 1 J 1 RQd 




1 


SEGMENT 




ft'-. .")•.». 


OFFSET 




MULTL RQd, LABEL (R 


^ — tr-^^-:; ^ 


NS 





I,0,1,1i0.0,6 


Rx#0'l RQd 


ADDRESS 



SSO 



SLO 






1iO,1|1|OiOiO 


Rx / 1 RQd 





SEGMENT 


OFFSET 


MULTL RQd, LABEL (Rx) 





1|0|1|1|0|0|0 


Rx 5^ J RQd 


1 


SEGMENT 




OPFSFT 



284 + 7n' 

286 + 7n* 

I - /' 
284 + I'n* 

284 + 7n* 



287 + 7n* 



*n is the number of bits equal to one in the absolae iiiSliUt ^ Vie least 
sjgnificaiti half of the destination operand. 



Operation 

RQd<(>^><-RQd<0:31 >xsre<031 > 



I- 



Description 

The least significant long word of a 
destination register quadruple 
(multiplicand) is multiplied by the contents 
of a source long word operand (multiplier). 
The result is loaded into the destination, 
which is a general-purpose register 
quadruple designated by the RQd field of 
the instruction. The source operand is 
determined from the applicable 
addressing mode. Both the multiplicand 
and multiplier are treated as signed two's 
complement 32-bit integers. The original 
contents of the destination are tost. The 
^iJtiee«ontents are unaltereid. 



Flags 

c z 



P/V DA H 



- = Unaffected 

1 = set 
4 Cleared 

* = Conditional - see descMption 



C: Set to 1 if product is less than -2", or greater than/equal to 2^'. Reset otherwise. 
Z: Set to 1 if product is zero. Reset otherwise. 
S: Set to 1 if product-Is negative: Reset otherwise. 
P/V: Reset. 
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NEG 



NEG 



tWode 

R 



IR 
IR 

DA 
DA 

DA 



ywslon Mnemonic «nd 'Form Clocks 

NEG Rd 

NS, S Ili0i0i0|1i1i0il| Rd lOiOiljOl 7 



NS 



l|4S 



SSO 



SLO 



SSO 



SLO 



NEG Rdt 

I0i0i0.0.1.1i0.ll Rd IOjAlIiQI 

NEG RRdt 

|0i0.i0i0i1 i1 |0|1| RRd I"0i0i1i0l IS' 



NEG LABEL 

I 1 I I I 1 I 1 I I 1 I I I I I I Oj,1 I _ 



ADDRESS' 



NEG LABSSO 






1|0,0|1|1|0|1 


OlOiOiOlOiOi 1 lO 





SEGMENT 


OFF§Er 


NEG LABEL 





1iOiO|1|1iO|1 


°i°i°j.9J.?.49.i.\j.9. 


1 


SEGMENT 




OFFSET 


NEG LABEL (Rx) 





1 |0,0|1 ,1 iO|1 


Rx 1 1 1 1 1 


ADDRESS 



NEG LABSSO (Rx) 






1,0,0,1,1,0,1 


Rx 7f 1 0, 1 1 1 





SEGMENT 


OFFSET 



IS. 



16 



18 



16 



16 



NEG LABEL (Rx) 






liOiOililiOil 


Rx 


0,0,1 ,0 




1 


SEGMENT 








OFFSET 





dst<0:1 5><-dst<0:1 5> + 1 



Description 

The contents of the destination word 
operand are repiaced by its two's 
complement. The destination operand is 
obtained by using the applicable 
addressing mode. The negation Is 
achieved by complementing the 
destination operand and adding one. 
The original contents of the destination 
are lost. 

In the IF) rnode, RO (or RRO) can be 
designated as the general-purpose 
destinatiori register,, - 



Rags 

c z 



P/V DA 



- ^ Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C Reset on carry from destination. Set to 1 otherwise. 

Z: Set to 1 if the result is zero. Reset otherwise. 

8: Set to 1 if the result is negative. Reset otherwise. 

P/V: Set to 1 if operand value is 8000 (HEX). Reset othenwise. 
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NmBm 



NEGB 



Mode 
R 



IR 
IR 

DA 
DA 

DA 



Clocks 



Version Mnemonic afiWF&rtn 

NEGB Rbd 

NS. S 1 1 lOiOiOi 1 I 1 lOiOl Rbd IO1O1I1OI 7 



NS 
S 

NS 

SLO 

IMS 
SSO 

SLO 



NEGB RdT 

NEGB RRdt 



0|OiO|0|1|1|OiO| 



RRd 



NEGB LABEL 



Oi1iOiOi1i1iOio|OiOiOiq| oT o 



ADDRESS 



NEGB LABSSO 






I1O, 0,1, 1,0,0 


, , , 1 , 1 1 1 Q- 





SEGMENT 


OFFSET 


NEGB LABEL 





1,0,0,1,1,0,0 


, 1 1 Ol Q 1 Q..,J,.L,Q. 


1 


SEGMENT 




OFFSET 



NEGB LABEL (Rx) 

' Oi i til 8 1 1 1 1 ,0 1 1 Hx^ a MiijiB 



ADDRESS 



NEGB LABSSO (Rx) 






1,0,0,1,1,0,0 


Rx 7^ 1 , 1 1 , 





SEGMENT 


OFFSET 


NEGB LABEL (Rx) 





1,0, 0,1,1, 0,0 


Rx ?^ [OjC^ljO 


1 


SEGMENT 





12: 



12 



15 



16 



~16 



16 




OFFSET 



The contents of the destination byte 
operand are replaced by its two's 
complement. The destination operand is 
obtained by using the applicable 
addressing mode. The negation is 
achieved by complementing the 
destination operand and adding one. 
The original contents of the destination 
are lost. 

In the IR nnode, RO (or RRO) can be 
designated as the general-purpose 
destination register. 



Flags 

C Z S P V DA H 



- = Uln«W|6«B#' '' ' ' 
1 = Set 
= Ctessmd 

* = CIpFldnbnal - see description 



C: Reset on carry from destination. Set to 1 otherwise. 

Z: Set to 1 if the result is zero. Reset othenwise. 

S: Set to 1 if result is negative. Reset otherwise. 

P/V: S©t-*b 1 if the operand value is 80 (HEX). Reset otherwise. 
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Mode Version Mnemonic and Form 

NOP 

- NS, S Il|0|0|0|1|1|0il|0i0j0i0|0i1i1ill 



Clocks 



Operation 

(see description below) 



Description 

No operation takes place and PC is 
incremented by two. 



Flags 

C Z S P/V DA H Ri^s are not affect^. 



- — Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 
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OR 



"OR word with register 
OR Rd, src 



OR 



Mode 
R 

IM 

IR 
IR 

DA 
DA 

DA 



Version Mnemonic and Form 

OR Rd, Rs 



NS. S 

NS, S 

NS 

S 



SLO 



NS 



SSO 



Sk© 



ClQdn 

ll iQiOiOiOil iOi1 1 Rs I - -R» 1 

OR Rd. IM 



OiOiOiOiO|1|0|1|UiUiOiO| Rd 



OPERAND 



OR Rd. RsT 






0,0,0,0,1,0,1 


Rs 1 


Rd 


7 


OR Rd, RRst 











1 1 1 1 1 1 1 1 1 RRs 4 1 


Rd 




OR Rd, LABEL 











1,0,0,0,1,0,1 


0,0,0|0| 


Rd 


9 


ADDRESS 


OR Rd, LABSSO 











1,0,0,0,1,0,1 


o,o,o,o| 


Rd 


10 





SEGMENT 


OFFSET 


OR Rd. LABEL 











1,0,0,0,1,0,1 


0,0,0,01 


Rd 




1 


SEGMENT 




12 


OFFSET 




OR Rd, LABEL (Rx) 











1 ,0,0,0,1,0,1 


Rx ?^ 1 


Rd 


10 


M»)RESS 


OR Rd, LABSSO (Rx) 











1,0,0,0,1,0,1 


Rx 1 


Rd 


10 





SCCMENT . 


OFFSET 


OR Rd, LABEL (Rx) 








Oil |0|0|0|1|0,1 


Rx / 1 


Rd 




ti SEGMENT 




13 


OFFSET 





Operation 

_R{N;0:15>*"«fc<0:15> V Rd<0:15> 



Description 

Logical OR operation is performed 
between corresponding bits of the source 
and destination words. The source 
operand is obtained using the applicable 
addressing mode and the destination is 
always a general-purpose register 
designated by the Rd field of the 
instruction. The 16-bit result is loaded 
into the destination. The source operand 
is not altered and original destination 
operand is lost. 



Flags 

c z 



P/V DA 



Z: Set to 1 if result is zero. Reset othenwise. 
Set to 1 if result Is negative. Reset otherwise. 



- = UnatfectW* 
1 = Set 
= Cleared 
* = Conditional 



see description 
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ORB 



ORBjRW, asc 



ORB 



Mode 

R 

IM 

IR 
IR 

DA 
DA 

DA 



Version 

NS, S 

MS, S 
NS 



NS 



380 



SLO 



NS 



SSO 



SLO 



Mnemonic and Form 

ORB Rbd, Rbs 

|1 lOiOiOiOi 1 iO]0| Rbs I, 



Cioclcs 

~Rbd 1 4 



ORB Rbd, 1Mb 






0|0|0|0|1 iO|0 


o,o,o,o| 


Rbd 


7 


OPERAND 


7 OPERAND 


ORB Rbd, RsT 





1 1 1 1 1 1 1 


Rs ?^ 1 


Rbd 


ORB Rbd, RRsT 





0|0|0|0|1 |0|0 


RRs ?^ 1 


Rbd 


ORB Rbd, LABEL 





1 lOiOiOil lOlO 


OiOiOiOl 


Rbd 


ADDRESS 


ORB Rbd, LABSSO 





1|0|0|0|1|0|0 


0,0,0, ol 


Rbd 





SEGMENT 


OFFSET 


ORB Rbd, LABEL 





1 1 1 1 1 1 1 1 


,°J...9.lPj.9.l. 


Rbd 


1 


SEGMENT 






OFFSET 


ORB Rbd, LABEL (Rx) 





1 1 J 1 6 1 1 1 1 


Rx ?t 1 


Rt)d 


ADDRESS 



ORB Rbd, LABSSO (Rx) 






1,0|0,0|1|0,0 


Rx ?^ 1 Rbd 





SEGMENT 


OFFSET 


ORB Rbd, LABEL (Rx) 





1,0,0,0,1,0,0 


Rx ^ 1 Rbd 


1 


SEGMENT 




OFFSET 



10 



12 



10 



10 



13 



Operation 

dsf<0:7><-«re*iO:?> V dst<0:7> 



Description 

A logical OR operation is performed 
between corresponding bits of the source 
and destination bytes. Tfie source byte is 
obtained using ttie applicable addressing 
mode and ttie destination byte is always a 
general-purpose byte register designated 
by the Rbd field of the instruction. The 
8-bit result is loaded into the destination. 
The source byte is not altered and the 
original byte in tlie destination register is 
lost. 



Flags 

C Z 



S P/V DA H 



Z: Set to 1 if result is zero. Reset othenwise. 
S: Set to 1 If result is negative. Reset ott^erwise. 
P/V: Set to 1 If parity of result is even. Reset otiierwise, 



- = Unaffecsted 
1 = Set 
= Cleared 

* ^ Conditional - see description 
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OIQB 



OUTPUT word from memory to I/O port, autodecrement and repeat 
OTDR Rp, src, Rc 
Thte is a SYSTEM instruction. 



omfi 



Version 



Mnemonic and F0An 

OTDR Rp, RsT, Rc 



IR, PR NS 



IR, PR s 



0|0|1 ,1 


1 |0| 1 1 1 


Rs 


1,0,1,0 


1 1 1 


Rc 


Rd 


OlOiOlO 


OTDR Rp, RRsT. Rc 


0|0|1 |1 


1iO,1,1 


RRs 


1,0,1,0 


OiOiOiO 


Rc 


Rp 


1 1 1 



Clocks 



10n' 



10n' 



*n Is the number of Iterations. 



IV: ,-1..., 

■■ !■ t - I. ty T611S Inn ?■ ' 



C-JP 



•Pi' 



Operation 

port dst- 0:15>«-src<0:15'- 
Rs 0:15 -^Rs- 0:15 - -2 
Rc<0:15>^Rc<0;15>~1 
Repeat until termination. 



Description 

A data word in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination Is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the 

'general-purpose register designated by 
Rs are then decremented by two. The ' 
contents of the general-purpose register 
designated by Rc are decremented by 

;one. -TheiMruGton is terminated when 
me result of this decrementation reaches 
zero. 

This instruction is interruptible. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

signated as the^eneral- 
urce-er port destination 
Register, 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1. 



1 = Set 
= Cleared 

* 3 C@ndiii9fi9l - 9@e description 



OTDRB 



_ . : \ 

OU^PyT MO jport from mdmbry, BModUkxmiMt atM repeerf 
OTDRB Rp, set, Rc 
This is a S'f^gHEt* insliuctidn. 



OTDRB 



Mode 



Version 



Mnemonic and Form 
OTDRB Rp, Rst. Rc 



IR, PR NS 



IR, PR s 



OiO|1 |1 1 lOil lO 


Rs 


1,0.1,0 


I 1 1 Rc 


Rp 


OiOiOiO 


OTDRB Rp, RRsT, Rc 


0|0|1 |1 1 iOi1 lO 


RRs 


1,0,1,0 


1 1 1 Rc 


RP 


1 Oj 1.0 



Cloclts 



11 + lOn* 



11 +, 10n» 



*n is the nuniber of iterations. 



Operation 

port dst<0:7->^src<0:7> 
Rs<0:15>^Rs<0:15>-1 
Rc<0;15>«-Rc<0:15>-1 
Repeat until termination. 



Description 

A data byte in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the general- 
purpose register designated by Rs are 
then decremented by one. The contents 
of the generai-purpose register 
designated by Rc fieid are decremented 
by one. The instruction is terminated 
when the resuit of this decrementalion 
reaches zero. 

This instruction Is Interruptible. 

This Instruction uses tx>th indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the generai- 
purpose source or port destination 



Flags 

C Z 



P/V DA H 



P/V: Set to 1. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 
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OTIR 



IfPUT word to uiQ ffm^mm'ttim0m* 



OTIR 



Mode Version Mnemonic and Form 



IR, PR m 
IR. PR s 



I r' ■ ■ 1 

OiGj 1 i\.tUQ-li i1 


as 


1 1 1 1 


'OlOiOief • Pte ' 




1 1 1 


OTIR Rp, RRsT, Rc 


O1Q1I1I I1O1I1I 


RRs 


OiOt1 fO 


fciifii'© Rc 


Rp 'I 





Cioclcs 



11 + lOn* 



.14. *Mia)8»,. 



*n is the numt)er of iterations. 



' ■ It' U - . ■ III. 



Mil 



Operation 

port dst<0:15>^src<0:15> 
Rs<0:15>^Rs<0:15>+2 
Rc<0:15>^Rc<0:15>-1 
Repeat until termination. 

t It ' 



A data word in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded Into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
dlieiigiii^d by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the genergf- 
purpose register designated by Rs are 
then incremented by two. The conten^ effi 
the general-purpose register design^le^l 
by Rc are decremented by one. This 
instruction terminates when the restitt of 
this decrementation reaches zero. 

This instruction is interruptible. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the generai- 
pnjrpose source or port destination 
register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1 . 



1 = 
i& = ( 
* = O&njfitional 



see description 
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OTIRB 



OUTPUT b/ie to V& pdttM«fi itieAKfry, sttib^hdr^tient and repeat 
OTIRB lFfp, isrc, Rc 
This is a SYSTEM instruction. 



OTIRB 



Mode 



Version Mnemonic and Form 



IR, PR NS 



IR, PR s 



0,0i1 i1 


1 iOi1 lO 


Rs 


O1O1I lO 


OlOiOlO 


Rc 


Rd 


OrOiOiO 


OTIRB Rp, RRsT, Rc 


OiOilil 


1 1O1I lO 


RRs 


O1O1I lO 


OlOiOlO 


Rc 


Rd 


1 1 1 



Clocks 



11 + lOn* 



11 + lOn* 



*n Is the nutnber of iterations. 



Operation 

port dst<0:7>*-src<0:7> 
Rs<0:15>«-Rs<0:15>+1 
Rc<0:15>«-Rc<0:15>-1 
Repeat until termination. 



Description 

A data byte in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the general- 
purpose register designated by Rs are 
then incremented by one. The contents of 
the general-purpose register designated 
by Rc are decremented by one. This 
instruction terminates when the result of 
this decrementation reaches zero. 

This instruction is interruptible. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose source or port destination 



Flags 

C 



P/V DA H 



P/V: Set to 1. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 
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OUT 



OUTPUT 

CXJT dst. Rs 
This is a SYSTEM instruction. 



OUT 



Mode 

PR 

PA 



Version Mnemonic and Form Clocks 

OUT Rp, Rs 

NS, S I 1 I i I 1 I 1 I 1 1 1 1 1 I Rp / I Rs I 10 



NS, S 



OUiyPORT, Rs 

rfftfliiliOilill Rs IO1I1I1O 



PORT ADDRESS 



12 



Of re- 



operation 

port dst<0:15>«-Rs<0:15> 



Descriptlisn 

The contents of the general-purpose word 
source register designated by the Rs field 
of the instruction are loaded into an output 
port. The port address destination is 
determined by ttie applicable port 
addressing mode. Ttie source contents 
are unaltered. 



.1* j*<,wijB bbn 



Flags 

C Z S P/V DA H 



Flags are not affected. 



1 - set 

= Cisarttet 

* - CemMml - see description 



5-128 



OUTB 



OUTPUT byte to I/O port frp^n register , 
OUTBdst,Ri» 
This is 9 SX^JlMin^rup^: 



OUTB 



PR 
PA 



VerskKi 

NS 

NS.S 



Mnwnonie aiMtl^nn 



OUTB Rp, Rbs 

I 1 1 1 1 1 1 1 1 1 1 1 1 1 Rp I Rt)s 



OUTB PORT, Rbs 



O1O1I1I1I1O1I1OI Rt)s IO1I1I1O 



PORT ADDRESS 



Clocks 

10 

12 



Opantion 

port dst<0:7>«-Rs<0:7> 



Description 

The contents of the general-purpose byte 
source register designated by the Rbs 
field of the instruction are loaded into an 
output port. The port address destination 
is determined by the applicable port 
addressing mode. The source contents 
are unaltered. 



Flags 

c z 



P/V DA H 



Rags are mi affeOBd. 



1. 



— = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 



OUTD 



src, Rc 

This is a SYSTEM instruction. 



OUTD 



Version 



Mnemonic and Form 



IR, PR NS 



IR, PR s 



0,0,1,1 


1,0,1,1 


Rs 


1 |0|1 |0 


1 1 J 


Rc 


Rp 


1 lOiOlO 


OUTD Rp, RR», Re 


0|0|1|1 


1,0,1,1 


RFte 


I.Oil.O. 


0,0,0.0 


Rc 


Ro 


1 lOiOlO 



Clocks 



21 



21 



Operation 

port dst<0:1S><-src<0:15> 
Rs<0:1 5>«-Rs<0:1 5> - 2 
Rc<0:15>«-Rc<0:15>-1 



Description 

Data word in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the general- 
purpose register designated by Rs are 
then decremented by two. The contents of 
the general-purpose register designated 
by Rc are decremented by one. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the generai- 
pii^pose source or port destinafion 



Flags 

C Z S P/V DA H 



P/V: Set to 1 if result of decrementing Rc is zero. Reset otherwise. 



- = Unaffected' 

1 = Set 

= Cleared 

* = Conditional - see description 



5-130 



OUTOB 



OUTDB F^, «Ci Rc 
This is a SYSTEM instruction. 



OUTDB 



Mod* 



Version 



Mnemonic and Form 

OUTDB Rp, Rsf , Rc 



IR, PR NS 



IR, PR f 



OiO|1 1 1 


1 lO, 1 ,0 


Rs 


1 iO| 1 ,0 


1 1 1 


Rc 


Rc 


1 , 1 1 


OUTDB Rp, RRsT, Rc 


0,0,1,1 


1,0,1,0: 


RRs 


1,0,1,0 


OiOiOiO 


Rc 


RP 


1 lOiOiO 



Clocks 



21 



21 



Operation 

port dst<0:7>«-src<0:7> 
Rs<0:1 5><-Rs<0:1 5> - 1 
Rc<0:1 S><-Rc<0:1 5> - 1 



Description 

Data byte in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the general- 
purpose register designated by Rs are 
then decremented by one. The contents 
of the general-purpose register 
designated by Rc are decremented by 
one. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modea 

RO can be designated as ttie general- 
purpose source or port destination 
register. 



Flags 

C Z 



P/V DA H 



P/V: Set to 1 If result of decrementing Rc Is zero. Reset otherwise. 



- = Unaff^ed 
1 = Set 
= Cleared 
* = Conditional 



see description 



Ss-JSI 



oirri 



OUTPUT word to I/O port from memory, autoincremeii^ 
OUTI Rp, src, Rc 
This is a SYSTEM instruction. 



®UTi 



Mode 



varalon 



Mnemonic and Form 

OUTI Rp, RsT, Rc 



IR, PR NS 



IR, PR S 



OiOil |1 


1,0,1,1 


Rs 


0,0,1,0 


1 1 1 


Rc 


Rd 


1 iOiO.O 


OUTI Rp, RRsT, Rc 


O1O1I1I 


1,0,1,1 


RRs 


OjOil lO 


OiOiOiO 


Rc 


Rd 


1 lOiOlO 



21 



21 



' -V.I I" , 'n-f '!» 

I'Sg 3(TJ ■ ■> Sir iilMC ■ ■■ 
•Ml"' L.r>' \'J ■^. 



Opl^tlon 

port dst<0:15>i— src<0:15> 



Rs<0:15>- 
Rc<0:15>- 



-Rs<0:15> + 2 
-Rc<0:15>-1 



Description 

A data word In memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by ttie Rp field of the 
instruction. The contents of the general- 
purpose register designated by Rs are 
ttien jflcremented by two. The contents of 
the general-purpose register designated 
by Rc are decremented by one. 

This instruction uses both Indirect register 
memory addressing and port register port 

addressing modes. 

RO can be designated as the general- 
purpose source or port destination 



C Z S P/V DA H 



P/V: Set to 1 if result of decrementing Rc is zero. Reset otherwise. 



t =Set 
I @ = Cleared 

« CoDcSliPial - 



see descripHon 



OUTII 









OUTPUT byte to l/Qtport Sfe^ewory, autoincreaient 
This is a SYSTEM instruction. 



OUTIB 



Mode 



Version 



Mnemonic and Form 

OUTIB Rp, RsT, Rc 



IR, PR NS 



IR, PR s 



0,0,1 ,1 


1,0,1 ,0 


Rs 


0,0,1,0 


1 1 1 


Rc 


Rp 


1,0,0,0 


OUTIB Rp, RRsT, Rc 


0,0,1,1 


1,0,1,0 


RRs 


0,0,1,0 


OiOiOiO 


Rc 


Rp 


1 ,0,0,0 



Clocks 



2t- 



21 



Operation 

port dst<0:7>^src<0:7> 
Rs<0:15><-Rs<0:15> + 1 
He<0:1 5><--Rc<0:1 5> - 1 



Deseription 

Data byte in raemray, addressed by thej < • 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
Instruction, Is loaded into the destination 
port. The destination Is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
Instruction. The source contents are 
unaltered. The contents of the general- 
purpose register designated by Rs are 
then Incremented by one. The contents of 
the general-purpose register designated 
by Rc are decremented by one. 

This instruction uses both Indirect register 
memory addressing and port register port 

addressing modes. 

RO can be designated as the general- 
purpose source or port destination 
register. 



Flags 

c z 



P/V DA 



- = Unafffcted 

1 = Set 

= Cleared 

* = Conditional - see description 



P/V: Set to 1 if resulfcof dgerementing Rc is zero. Reset othenwise. 



S-133 



POP 



POP word 
POP dst, RsT 



POP 



^^i:r.t«r.v 



IR 
IR 

DA 
DA 

DA 

X., 



Vknion Mnemonic and Form 



NS,S 



POP Rd, RsT 

Ili0i0i1i0i1i1ill Fte#0 I Rd I 8 



POP RdT, Rst 



NS 
S 



NS 

'■'••I tf- 



SSO 



SLO 



|o 


OiOi1,0|1|1|1 


Rs 1 Rd 


POP RRdt, Rst 







0,0,1,0,1,1,1 


RsjtO 1 RRd 


POP LABEL, RsT 









1 lOi 1 lOil i1 1 1 1 Rs 3< lOiOiOiO 




ADDRESS 


POP LABSSO, RsT 









1,0,1,0,1,1,1 


Rs ?! 1 1 , , 







SEGMENT 


OFFSET 


POP LABEL, RsT 









1 |0,1 ,0,1 ,1 ,1 


Rs 1 , 1 1 




1 


SEGMENT 






,^.„„-. OFFSET 


POP LABEL (Rx), RsT 









1 i0,1 ,0,1 ,1 ,1 


Rs 1 Rx # 




1CI1. . «x ADDRESS 


POP LABSSO (Rx), RsT 






1,0,1,0,1,1,1 


Rs 1 Rx ?! 








OFFSET 


POP LABEL (Rx), RsT 









1,0,1,0,1,1,1 


Rs ?! 1 Rx 9^ 




1 


SEGMENT 






OFFSET 



12 



16 



16 



18 



16 



16 



19 



Operation 



Description 

The word from the memory location 
addressed by ttie general-purpose 
register designated by Rs, is loaded into 
the destinaUon. The contents of the 
register dmignated by Rs are then 
automaticaHy incremented by two. Ttuis, 
if ttie general-purpose register designated 
by Rs is regarded as a stack pointer, 
then the operation described above can 
be regarded as a POP. Any general- 
purpose register except may be 
utilized as a stack pointer. The 
destinatK}n is determined t>y the 
applicable addressing mode. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



1 = Set 

= Cleared 

* = Gondittonal - 



see description 
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POPL 



POPL 



Mode Version Mnemorfte and Form 

POPL Rd, Rst 

R NS, s 



IR 
IR 

DA 
DA 

DA 



NS 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



|1iOiOi1iOi1iOil| Rs?^0 



Rd 



Oi1iOi1iOi1iOil| Rs^O lOiQiOiO 



ADDRESS 



POPL LABSSO, RsT 






1,0,1,0,1,0,1 


Rs 9^ 1 0, , , 





SEGMENT 


OFFSET ~' ' 


POPL LABEL, RsT 





1,0,1,0,1,0,1 


Rs 7^ 


1 , 1 


1 


SEGMENT 




^^^^ 


OFFSET 



POPL LABEL (Rx), RsT 



, 1 , I 1 , , 1 I I 1 I Rs ^ I Rx ^ 



ADDRESS 



POPL LABSSO (Rx), Rsl 






1,0,1,0,1,0,1 


Rs¥ 1 Rx 7^ 





SEGMENT 


OFFSET 


POPL LABEL (Rx), RsT 





1|0|1|0|1|0,1 


Rs 1 Rx ¥ 


1 


SEGMENT 




OFFSET 



Clocks 

12 



POPL RdT, Rst 

lO, 0,0,1, Oil, 0|1| R£/o: I Wd \ 

POPL RRdt, Rst 

Id Old 1 ,0 1 1 iOi 1 I Rs y I RRd I 

POPL LABEL, RsT 



19 



22 



23 



25 



23 



23 



26 



Operatron 



Description 

The lefig word from the memory location 
addressed by the general-purpose 
register designated by Rs is loaded into 
the destination. The contents of the 
register designated by Rs are then 
automatically incremented by four. Thus, 
if the general-purpose register designated 
by Rs is regarded as a stack pointer, 
then the operation described above can 
be regarded as a POP. Any general- 
purpose register except RO may be 
utilized as a stack-pointer. The 
destination operand is determined by the 
applicable fDddressing mode. 



Flags 

c z 



P/V DA H 



Flags arts iftof 'aftetaed. 



- = Unaffected 

1 = Set 

= Cleared 

♦ = Conditional - see description 



"15-tiS 



PUSH 



PUSH word 
PUSH RdT, src 



PUSH 



Mode 
R 

IM 

IR 
IR 



DA 



DA 



X 



Version Mnemonic and Form 

PUSH Rdt, Rs 



Clocks 



NS, S 



NS, S 



NS 



1 iOi I 1 I OiOi 1 I 1 I Rd # I _ Rs I 9_ 

PUSH RdT. IM 

i,n,il Rri:;^n li,n,n,i 

12 



OiOiOiOi1i1iOill Rd^O hiOiOil 



OPERAND 



PUSH RdT. Rst 

HjtiOi1rOiOi1il| M#0 I Rs I 13 

WJSH RdT, RRsT 

1 1 I I 1 I 1 1 1 1 1 I Rd ^ 1 _ RRs 



DA -t' sm T frlAfe i 44# i 



PUSH RdT. LABEL 

Oi 1 I 1 I Rd ;^ [C67QlA7d 



ADDRESS 



r9.u -! »,-^. A-'^sH RdT.LABSSO 

sso 



SLO 



NS 



SSO 



SLO 






1|0|1|0|0|1|1 


Rd ^ 1 1 1 1 





SEGMENT 


OFFSET 


PUSH RdT. LABEL 





1 lOil |0|0|1 |1 


Rd ?^ 1 1 1 j 


1 


SEGMENT 




OFFSET 



PUSH Rd^ LABEL (Rx) 



0|1|0|1|0|0|1|1| Rd^O I Rx?^0 



ADDRESS 



PUSH RdT. LABSSO (Rxj 






1,0,1,0,0,1,1 


Rd / 1 Rx 5* 





SEGMENT 


OFFSET 


PUSH Rdt, LABEL (Rx) 





1|0, 1,0, 0,1,1 


Rd 5^ [ Rx ?f 


1 


SEGMENT 




OFFSET 



13 



14 



14 



16 



14 



14 



17 



Operation 



Description 

The contents of the register designated 
by the Rd field of the instruction are 

decremented by two. The source word 
operand is then loaded into the memory 
location addressed by the general- 
purpose register designated in the Rd 
field of the instruction. Thus, if the 
general-purpose register designated by 
Rd is regarded as a stack pointer, then 
the operation described above can be 
regarded as a PUSH, Any general- 
purpose register except RO can be 
utilized as a stack pointer. The source 
operand is determined by the applicable 
addtpsslQg mode. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



- = UnaffeoteiJ ' i 'i ' h 

1 - Sel 

= Cleared 

* = Conditional - see description 
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PUSHL 



PUSH larig - 



PUSHL 



Mode 

R 

IR 
IR 

DA 
DA 

DA 



Version Mnemonic and Form 

NS, S 



NS 



3S0 



SLO 



NS 



iSSO 



SLO 



PUSHL RdT, Rs 

hiOiOi1iOiOiOil| Rd?tO I Rs I 



PUSHL RdT, RsT 

lOiOiOiliOiOiOill Rd#0 I Rs I 

PUSHL RdT, RRsT 

|0i0i0i1i0i0i0il| Rd#0 I RRs I 

PUSHL RdT, l-ABEL 

Oi1iOi1iOiOiOil| Rd?^0 lOiOiOiO 



ADDRESS 



Cioclcs 

12 

20 

20 

20 



PUSHL RdT LABSSO 






1i0i1i0i0i0|1 


Rd?*0 laiOiOLO 





SEGMENT 


OFPSET 


PUSHL RdT, LABEL 





1iOi1|0|0|0,1 


Rd / 1 1 1 1 


1 


SEGMENT 




OFFSET 



PUSHL RdT, LABEL (Rx) , 

Oi 1 lOi 1 lOiOi I 1 I Rd / I Rxji^O 



ADDRESS 



PUSHL RdT, LABSSO (Rx) 






1 lOil 10,0,0, 1 


Rd ?! 1 Rx / 





SEGMENT 


OFFSET 


PUSHL RdT, LABEL (R 


^ 1 





1 |0,1 ,0,0,0,1 


Rd 1 Rx 


1 


SEGMENT 




OFFSET 



2t 



23 



21 



21 



24 



Oration 



Description 

The contents of the register designated 
by the Rd field of the instruction are 
decremented by four. The source long 
word operand is then loaded into ttie 
memory location addressed t>y tfie 
g^eral-purpose register designated in 
the Rd field of the instruction. Thus, if the 
general-purpose register designated by 
Rd is regarded as a stack pointer, then 
the operation described above can be 
regarded as a PUSH. Any general- 
purpose register except RO can be 
utilized as a stack pointer. The source 
operand is deternnlned by the applicable 
addressing mode. 



Flags 

c z 



P/V DA 



Flags are not affected: 



Unaffected 
1 = Set 
= Cleared 

♦ = Conditional - see descnptk>n 
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RES 



RES 



Mode 
R 



IR 
IR 

DA 

DA 

DA 



Version Mnemonic and Form 

RST Rd, B 

NS, S 1 1 lOi 1 lOiOiOi 1 1 1 I Rd l b I 



NS 

s 

NS 
SSO 

SLO 

NS 



SLO 



Clocl(s 
4 



RST Rdt. B 



I Q i flti 1 1 1 1 dill 1 1 Rd # [ b" 

RST RRdf , B 

|0i0i1i0i0i0i1|l| RRd ^ I b 

RST LABEL, B 

Oi 1 1 1 lOiOiOi 1 I 1 lOiOiOiOl ~b" 



ADDRESS 



RST LABSSO, B 






1|1|0|0|0|1|1 


0|0,0|0| 


b 





SEGMENT 


OFFSET 


RST LABEL, B 





1|1|0|0|0|1|1 


.9j.9.i,040L...... 


b 


1 


SEGMENT 




££££££ 


OFFSET 


RST LABEL (Rx). B 







Rx * I 


b 


ADDRESS 



RST LABSSO (Rx), B 






1,1,0,0,0,1,1 


Rx 5^ 1 b 





SEGMENT 


OFFSET 


RST LABEL (Rx), B 





1,1,0,0,0,1,1 


Rx ?t 1 b 


1 


SEGMENT 




OFFSET 



11 



11 



13 



14 



16 



14 



14 



17 



Operation 

word dst<b biCx-O 



Assembler Notation 

The assembler notation B is a numerical 
expression wtiicti is assembled into a 
binary value In the b field of the 
Instruction. The range of B Is zero through 
15, and b = B. Specifying a B outside of 
the allowable range produces an 
assembler error. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



1 =8i« 
e Cleared 
» 55 Conditional 



see description 
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RES 



RESET bit in word (dynffititc) 



RES 



Varaktn Mnemonic ami Form 



Clocks 



NS, S 



lOiOi 1 tOiOiOi 1 1 1 


1 1 1 


Rs 1 







Operation 

Rd<bit specified in Rs(0:3)>«-0 



Description 

The selected bit of the word destination is 
reset to zero. The destination word 
operand is the general-purpose register 
designated by the Rd field of the 
instruction. The bit of the destination 
register to be reset is determined by 
binary decode of the least significant four 
bits of a general-purpose word register 
designated by the Rs field of the 
instruction. The remaining 15 bits of the' 
destination are unaltered. 



Flag* 

C 2 



P/V DA H 



Flags are ncrt irifeoied. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



mm 



litbU dst, B 



Mode 


Version 


Mnemonic and Form 

RESB Rbd, B 






Clocl(s 


Operation 

byte dst<b bit><-0 


R 


NS, S 


1 


0,1,0,0,0,1,0 


Rbd 1 


b 


4 


* 1 




RESB Rdt, B 










IR 


NS 





0,1, 0,0, 0,1)0 


Rd#0 1 


b 


11 








RESB RRdf , B 










IR 


s 





Oil lOlO, 0,1,0 


RRd # 1 


b 


11 






RESB LABEL, B 










DA 

1 


NS 





1 ,1 ,0,0,0,1 ,0 


O,0,0i0l 


b 


13 


The selected bit of the byte destination is 


ADDRESS 


reset to zero. The remaining seven bits 






RESB LABSSO. B 








are unaltered. The destination is 
determined by the applicable addressing 
mode, while the bit to be reset is 


DA 


SSO 





1,1,0,0,0,1,0 


0|0,0,0| 


b 


14 





SEGMENT 


OFFSET 


determined by the binary value of the b 






RESB LABEL, B 








fi^ of Vne instruction. 









1,1,0,0,0,1,0 


0,0|0|0| 


b 






DA 


SLO 


1 


SEGMENT 




16 








btu, rnti. iu;jijSi-!iJ>-^ OFFSET 








RESB LABEL (Rx) B 










X 


NS 





1,1:0,0,0,1,0 


Rx » 1 


b 


14 




ADDRESS 








RESB LABSSO (Rx), B 










X 


SSO 





1,1,0,0,0,1,0 


Rx 1 


b 


14 


Assembler Notation 





SEGMENT 


OFFSET 






RESB LABEL (Rx), B 








Ttie assembler notation B is a numeric 
expression which is assembled into a 









1,1,0,0,0,1,0 


Rx =^ 1 


b 




binary value in the b field of the 






1 


SEGMENT 






17 


instruction. The range of B is zero through 






OrtFSEt 




7, and b = B. Specifying a B outside of 
the dfowatele range produces an 
assembler -error. 








i 









Flags 

C Z S P/V DA H Flags are not affected. 



- = UnaffecteU' 

1 - Set 

= Cleared 

* = Conditional - see description 



S-f40 



RESB 



RESET bit in byte (dynamic) 



Motto Version Mnemonic and Form 

RESB Rbd, Rs 

R NS, S 



Clocks 



10 



Opsratlon 

Rbd<bit specified in Rs(05)>«-0 



Description 

The selected bit of the byte destination is 
reset to zero. The destination byte 
operand is the general-purpose register 
designated by the Rbd field of the 
instruction. The bit of the destination 
register to be reset is determined by 
binary decode of the least significant three 
bits of a general-purpose word register 
designated by the Rs field of the 
instruction. The remaining seven laits of 
the destination are unaltered. 



Fiags 

c z 



P/V DA H 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see descrifdion 



RESFLG 



RESET FLM^y 



RESFLG 



crockt 



Mode Viwrtiain Mn«iiionlo«MI Wmn 

RESFLG LIST 

- NS, S |li0i0i0i1i1i0il|CiZiSiPV|0i0i1ill 7 



FCW<C;Z;S;P/V>^0 
(see description below) 



Ttm @Wfl49i)©J*9S^ Utum^WW ate resei or unaltered, according to the bit settings in the insbucOnn ftBid as descritied in the 
table belQMr'l r^vmit- b f> < 

« . tt- O-'- Bit 



* '. 1 n«l '^ *i 


Instruction Bit 


If = 


M = 1 


Assembler 
Notation 




s .f - ; 




Reset C flag 


CY 




6 


No effect 


Reset Z flag 


ZR 




5 


No effect 


Reset S flag 


SGN 




4 


{^effect 


Reset PN flag 


PVorOV 



Assembler Ndtation 

The assembler notation LIST refers to a list of any or all of the following reserved words, separated by commas: CY, ZR, SGN, PY 
or OV. Note that PY and OV affect the same flag. 



Flags 



c 


z 


S 


P/V 


DA 


H 


* 


* 











See at>ove. - 



- = Unaffected 
1 - Set 
= Cleared 

* — Gondiflonal - see description 
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I RETURIH eon^icmalltJM^brciutine p^i- 



Mod* Vlarslon Mnemonic and Form Clocks 

"ET CC CC True/CC False 

- NS, S II1O1O1I1I1I1I1OIO1O1O1OI CC I 10,13 7,7 



Operation 



Non-segmented Segmented 

If CC condition met: If CC condition met: 

PC«-(R15<0:15>) PC segment«-(RR14<0:22>) 

R15<0:15>«-Fl15<0:15>+2 R15<0:15>-<-R15<0:15>+2 

PC OFFSET-HRR14<052>) 
R15<0:15>-<-R15<0:15>+2 

Otherwise: Otherwise: 

PC<-PC+2 PC OFFSET«-PC OFFSET+2 



Note: In the system mode R15' and RR14' are used instead of R15 and RR14, respectively. 



Description 

This Instruction conditionally returns the CPU to the calling program. During a subroutine call the return address was 
automatically stacked. This return address is popped from the stack into the PC to effect the return. If the flags do not satisfy the 
conditions specified by the CC field, the PC is not loaded with the return address but merely updated to the following instruction. 
The stack pointer remains unaltered from its original value if there is no return. 



Assembler Notation 

Specifying condition CC is optional. If none is specified, the CC field of the Instruction is set to hex eight. 



Flags 

C Z S P/V DA H Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



RL Rd, B 



Vanlen 



R 



Mnemonic and Form 

RLRd, B . _ . 

liiOii I i 1 1 1 1 lit 1 




6 (one place) 

7 (two places) 



!»■ art (tHw w 
«l Srtartj it^v <n< 



ISil^iitien 



■IM 





! 


c 




1 |l5 — — 





Description 

The contents of the general-purpose 
word register designated by the Rd field 
of the instructions are rotated left. The 
number of places to be rotated is 
specified by bit one of the instruction; 
zero corresponds to one place and one 
corresponds to two places. 



ASMmbler Notation 

The assembler notation B is a numeric 
expression whicti is assembled into the bit 
field b of the instruction. The range of B is 
one or two. and b = B - 1 , Specifying a B 
outside of the allowable range produces 
mametrHIm error. 



ill mr- 



Rags 

C Z 



P/V DA H 



- = Unaffected 

1 = Set 

« Cleared 

* = Conditional - see description 



C: 
Z: 
S: 



Loaded from last bit rotated out of destination register. 
Set to 1 if result is zero. Reset otherwise. 



rnjiaiion. Mfeset othenwise. 




Mode 

R 



Version 



NS, S 



Mnemonic and Form 

RLB Rbd, B 



Clocks 



Operation 



Rbd 1 1 1 b I I 



6 (one place) 

7 (two places) 



Description 

The contents of the general-purpose byte 
register designated by the Rbd field of the 
instruction are rotated left. The numlier of 
places to be rotated is specified by bit one 
of the instruction; zero corresponds to one 
place and one corresponds to two places. 



Assembler Notation 

The assembler notation B is a numeric 
expression wtiich is assembled into tine bit 
field b of the instruction. The range of B is 
one or two, and b = B - 1 . Specifying a B 
outside of the allowable range produce 
an assembler error. 



Flags 

c z 



P;V DA 



- - Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from last bit rotated out of destination register. 

Z: Set to 1 if result is zero. Reset othenwise. 

S: Set to 1 if result is negative. Reset otherwise. 

P/V: Set to 1 it sign of register changed during rotation. Reset otherwise. 



5-t4S 



RLC 



R0TAr^,«ptt:i8^f«^ carry 



RLC 



Mofle Version Mnemonic and Form 

RLC Rd, B 

R NS, S Ili0]1i1i0i0i1ill Rbd IliOibiOl 



Clocl(s 




6 (one place) 

7 (two places) 



•Jrti I;, 

•■> ■ ,11 V"' tei 

'l'.>lc.1 



Operation 



15 



QMMHlptlon 

The eontents of the destination word 
rs^or designated Ijy the Rd field of the 
ilMty^Mon are rotated one or two places 
M. The last bit shifted out of the 
dsMfiafion word is loaded into the carry 
9aS, While the previous contents of the 
esrry Aig are shifted Into the least 
signifteant bit of the destination wofi. The 
number of places to be rotated Is 
specified by bit one of the instruction; zero 
com^pgnds to one place and one 
con^peri#fo two places. 



Assembler Notation 

The assembler notation B is a numeric 
expression which is assembled into the bit 
field b of the instruction. The range of B is 
one or two, and b = B - 1 . Specifying a B 
outside of the allowable range produces 
an assembler error. 



Flags 

C 



P;V DA 



= ' I"-"— '-t|n 111^(11 1 ipi 

1 = Set 
= Cleared 

* = CianMenal - see description 



C: Loaded from the last bit rotated out of destination register. 
Z: Set to 1 if result is zero. Reset otherwise. 
S: Set to 1 if result is negative. Reset otherwise. 

. PJVi, S^Jgul tf.^r|,Qf d^tiniiriiofi contents changed during rotation. Reset .otherwise. 
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RLCB 



ROTATE bv*te 1^ Ihrough canV 



RLCB 



Mode 
R 



Version Mnemonic and Form 

RLCB Rbd. B 

NS, S I 1 I 1 1 1 1 I I I 1 I I Rd 1 1 I I b I 



Clocks 



6 (one place) 

7 (two places) 



Operation 



Description 

The contents of the destination byte 
register designated by the RtxJ field of the 
instruction are rotated one or two places 
left. The last bit shifted out of the 
destination byte is loaded into the carry 
flag, while the previous contents of the 
carry flag are rotated into the least 
significant bit of the destination byte. The 
number of places to be rotated is 
specified by bit one of the instruction; zero 
corresponds to one place and one 
corresponds to two places. 



Assembler Notation 

The assembler notation B is a numeric 
expression which is assembled into the bit 
field b of the instruction. The range of B is 
one or two. and b = B - 1 . Specifying a B 
outside of the allowable range produ<^ 
an assembler error. 



Flags 

C Z 



P V DA 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



C: Loaded from the last bit rotated out of destination. 
Z; Set to 1 if result is zero. Reset othenwise. 
S: Set to 1 if result is negative. Reset otherwise. 

P/V: Set to 1 if sign of destination changed during rotation. Reset.otherwise. 



5-147 



RLOB Rbd, i%s 



Mode Version Mnemonic and Fonri 

RLDB Rbd, Rbs 

R NS, S h i O i l i1 i1 i1 i1 l Ol ^ ! 



Cloeks 




•I ••• ^■•■"■■■■3 



Description 

The contents of the source and 
destination byte registers are exchanged 
as shown in the operation. Both the 
source and destination are general- 
purpose byte registers designated by the 
Rbs and Rbd fields ot the instruction 
respectively. The most significant four bits 
of the destination remain unchanged. 



Flags 

c z 



S P/V DA H 



IK 



1 = Set 
= Cleared 

m = Conilinional - see description 



Z: Set to 1 If destination result is zero. Reset otherwise. 

S: Set to 1 if most significant bit of destination resuK is 1 . Reset otfierwise. 

: - :f' ■ 
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RR 



ROTATE vw*d nsjKt 
RR Rd, B 



RR 



Mode Version Mnemonic and Form 

RR Rcl. B 

R jNS, S |1 lOil 1 1 lOiOi 1 I 1 I Rd LOit ibiOl 



Clocks 



6 (one place) 

7 (two places) 



Operation 



15 



Description 

The contents of the general-purpose 
word register designated by the Rd field 
of the instructions are rotated right. The 
number of places to be rotated is 
specified by bit one of the instruction; 
zero corresponds to one place and one 
corresponds to two places. 



Assembler Notation 

The assembler notation B is a numeric 
expression which is assembled into the bit 
field b of the instruction. The range of B is 
one or two, and b = B - 1. Specifying a B 
outside of the allowable range produces 
an assembler error. 



Flags 

c z 



P/V DA H 



- = Unatfecled 

1 = Set 

= Cleared 

* = Conditidnal - see description 



C: Loaded from last bit rotated out of destination register. 
Z: Set to 1 if result is zero. Reset othenwise. 
S: Set to 1 if result is negative. Reset otherwise, 

P/V: Set to i 4(iislgn etf d^tiration' register changed during rotation. Reset otherwise. 
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RRB 



ROTATE byte right 
RRB Rbd. B 



RRB 



V«rsion 



Mnemonic and Form 

RRB Rbd, B 



NS.S Ilifli1i1i0i0iii0l JtoJ lOil ibiOl 



6 (one place) 

7 (two places) 



1 '-'J bin,; <->' 
• r' • Ji<i ?t l< iif'.. 

•:l tif, 
, •i-li .».-,. , .. 













7 — — 






C 







Description 

The contents of ttie general-purpose byte 
register designated by the Rbd field of the 
instructions are rotated right. The number 
of places to be rotated is specified by bit 
one of the instructions; zero corresponds 
to om ptace and one corresponds to two 
pfeuses. 



Assembler Notation 

The assembler notation B is a numeric 
expression which is assembled into the bit 
field b of the instruction. The range of B is 
one or two, and b = B - 1. Specifying a B 
outside of the allowable range produces 
an assembler error. 



Flags 

c z 



P/V DA H 



- = UnaffeeStf ' 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from least significant bit rotated out of destination register. 
Z. Set to 1 if result is zero. Reset otherwise 
S: Set to 1 if result is negative. Reset otherwise. 

IW^ SM&^«N||H 3iiNMr«MaK changed during rotation. Reset othenwise. 



s*ise 



4 



RRC 



mm 



Mode 
R 



Version 



NS, S 



Mnemonic and Form 

RRC Rd, B 

ll I 1 1 1 1 I I 1 1 1 1 I Rd Mill bTo] 



Cloclcs 



6 (one place) 

7 (two places) 



Operation 



15 



Description 

The contents of the destination word 
register designated by the Rd field of the 
instruction are rotated one or two places 
right. The last bit rotated out of the 
destination word Is loaded Into the carry 
flag, while the previous contents of the 
carry flag are shifted Into the most 
significant bit of the destination word. The 
number of places to be rotated is 
specified by bit one of the instruction; zero 
corresponds to one place and one 
corresponds to two places. 



Assembler Notation 

The assembler notation B Is a numeric 
expression which is assembled into the bit 
field b of the instruction. The range of B is 
one or two, and b = B - 1. Specifying a B 
outside of the allowable range produces 
an assembler error. 



Flags 

c z 



- — Unaffected 
1 = Set 
= Cleared 
* = Conditional 



C: Loaded from the last bit rotated out of destination. 

Z: Set to 1 If result is zero. Reset otherwise. 

S: Set to 1 If result is negative. Reset otherwise. 

P/V: Sot'to a if sign Of register changed during rotation. Reset other\^ge, 



see description 



RRCB Rbd, B 



R 



Varaten Miwmonic and Fcimil «^uiC' 
FPCB Rbd, B 

m, S _ ij[tgjji1j0i0i1 lOl Rbd itlriifeibl 



6 (one place) 

7 (two places) 



an: HI 



• '■■ji.nl 3- 



<tjit, -J,, '.If -. 

^, >c.ii4'ili at '■jrti M Tt,, <i;^-.;K, 
i.ilf -1.- ' tci ; I -rl|-it</> 



-epilation 



7 — — C 



OescripUon 

The contents of the destination byte 
register designated by the Rbd field of the 
instruction are rotated one or two places 
right. The last bit shifted out of the 
destination byte Is loaded into the carry 
flag, while the previous contents of the 
carry flag are shifted into the most 
significant bit of the destination byte. The 
number of places to be rotated is 
specified by bit one of the instruction; zero 
oorr^ponds to one place and one 
corresponds to two places. 



Assembler Notation 

The assembler notation B is a numeric 
expression which is assembled into the bit 
field b of the instruction. The range of B is 
one or two, and b = B - 1, Specifying a B 
outside of the allowable range produces 
an assembler error. 



Rags 

c 



P/V DA H 




1 = Set 
= Cleared 
* ^ Con^onal 



see description 



C: Loaded from the last bit shifted out of destination register. 
Z: Set to 1 if result is zero. Reset otherwise. 

lAM'i SM^^ #^i>r^#ii«iiiiMn^M^^^^P'pih^ rotation. Ri^t<9thenwise. 



Sit St 



RRDB 



ROTATE DIGIT RiefT, byte 

RPH3B Rbapibs 



RRDB 



Mode 

R 



Clocks 



Version Mnemonic and Form 

RRDB Rbd, Rbs 

NS, S 1 1 1 1 1 1 1 1 1 1 1 I 1 1 Rbs I Rbd l _ 9 



Operation 



dst 








src 


7 







7 





t 





Description 

The contents of the source and 
destination byte register are exchanged 
as shown in the operation. Both the 
source and destination are general- 
purpose byte registers designated by the 
Rt>s and Rtid fields of the instruction, 
respectively. The most significant four bits 
of the destination remain unchanged. 



Flags 

C Z S P/V DA H Z: Set to 1 if destination result is zero. Reset otherwise. 

"I I ^ I ^ I rn r~| S- set to 1 it most significant bit of destination result is 1 . Reset otherwise. 



- - Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 
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SBC 



.SUBTRACT vrord witti earryj 
SBC Rd, Rs 



SBC 



Mode 


Vmvlon 


Mnemonic tmdtjRbm 








SBC Rd, Rs 




R 


S 


lttfei,i,e,i.ii 


ill 1 



Clocks 

5. : 



f II! 



Flags 

c z 



Operation 

Rd<O:1t>«-Hd<0:1 5> -Rs<0:1 5> -C 



1 I 



Description 

The source operand word is subtracted 
from the destination operand word, along 
with carry, to obtain the result. The 
subtraction is achieved by adding the 
two's complement of the source operand 
to the destination operand. 

Both the source and destination are 
general-purpose word registers 
designated by the Rs and Rd fields of the 
instruction, respectively. The 16-bit result 
is loaded into the destination register, 
wh^e original contents are tost. The 
contents of the source are not affected. 



P/V DA H 



Reset to on carry from most significant bit of result. Set otherwise. 
Set to 1 if result is zero. Reset otherwise. 
Set to 1 if result is negatiys, Res@teth|HWise, 



- = Unatf 

1 = Set 

= Cleared 

4t = Conditional - see description 



fW: Set% ti 



t otherwise. 



SBCB 



SUBTRACT byte wffli earry 
SBCBnbd.Rte 



SBCB 



R 



Version 



;NS, S 



Mnemonic and Form 

SBCB Rbd. Rbs 



Oocin 



Rbs 



Rbd 



Openrthm 

Rbd<0:7>.M1bd<0:7> - Rbs<0:7> -C 



Description 

The source operand byte is subtracted 
from the destination operand byte, along 
with carry, to obtain the result The 
subtraction is achieved by adding the 
two's complement of the source operand 
to the destination operand. 

Both the source and destination are 
general-purpose byte registers designated 
by the Rbs and Rbd fields of the instruc- 
tion, respectively. The 8-bit result is 
loaded into the destination register whose 
original contents are lost. The contents of 
the source are not altered. 



Flags 



c 


z 


s 


P/V 


DA 


H 


* 


* 




* 


1 


* 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Reset to on carry from most significant bit of result. Set otherwise. 

Z: Set to 1 if result is zero. Reset otherwise. 

S: Set to 1 if result is negative. Reset otherwise. 

P/V: Set to 1 if there is arithmetic overflow Reset otherwise. 

DA; Set to 1 always. 

H: Reset to if there is a carry from most significant bit of the lower 4 bits of the 
result. Set othenwise. 
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Mode Version Mnemonic and Form ' Cloclcs 

SC N 

- NS, S I Oi 1 I 1 I 1 I 1 I 1 ] 1 I 1 I " I 33, 39 



Operation r:- 

1. -tM run «,tt;,.:!o t'l .■•■iw '-'Iv 
' 'I ' 'I r--' ■i W i |l,9l l 9 I I I H I IlBUl a 



R15'<0:15>«-R15'<0:15>-2 
(R15'<0:15>)<-FCW 
R15'<0:15--^R15'<0:15>-2 
(R15'<0:15 j^ldentifier 
FCW«^NPSAP<P:1 5> + 1 2) 
p6H'iPSAP<d:15>+14) 



m8'«®-.15>*-R1S^<0s15>-2 

(RB14'<0:^>)»-*C OFFSET+2 

R15'<0:15>-.-R1S'^:15>-2 

(RR14'<0:22>)*-|!>C SIGMENT 

R15'<0:15>'<-R15'<0:15>-2 

(RR14'<0:22>)^CW 

R15'<0:15~>^R15'<0:15^-2 

(RR14'<0:22>) ^Identifier 

FCW ♦-(NPSAP<0:22 ^ + 26) 

PC SEGMENTHNPSAP<0:22>+28) 

PC OFFSET— (NPSAP<0:22> +30) 



DMcrlpflon 

This instaiction produces a system call trap. The system call causes the program status to be pushed into the system stack and then 
loads the new processor status uSihg NPSAP. 

The state stored on Vm s^idk gcmiarises the program counter return address, and the flag control word (FCW) as well as the system 
call instmetlon Itselt; as ttie idenWier. 

The new program counter and FCW are obtained from the NPSAP and are loaded into the relevant CPU registers to cause the 
transfer of control. The 8-bit n field of the instruction is user definable, and thus allows up to 256 identifiers. 



Assembler Notation 

The assembler notation N Is a numeric expression which is assembled into a binary value in the n field of the instruction. The range 
of N is zero to 255, and n=N. Specifying an N outside the allowat>le range produces an assemt>ler error. 



Flags 

c z 



PA^ DA H 



- = Unaffected 
1 = Set 

=5 Gteafed 
• Gente)nal - see description 



As specified by the new FCW. 



mm 



SDA 



SHtFf w&rd iftWfneSe (dyrtafttc^ 
SDA Rd, Rs 



SDA 



Mode 
R 



Version Mnemonic and Form 

SDA Rd, Rs 



NS, S 



Clocks 



15 + 3n' 



*n is the number of places shifted. 



Op^fioti 

Rcl<0:1 5>«-Rd<0:1 5>shifted 



Description 

The contents of a general-purpose word 
register designated by the Rd field of the 
instruction are shifted. The magnitude 
and direction of the shift are determined 
from the contents of the general-purpose 
word register designated by the Rs field 
of the instruction. The register contains a 
signed two's complement integer which is 
used to determine the shift value. A 
positive numtjer indicates a left shift, and 
a negative number indicates a right shift. 
The magnitude of the shift must be in the 
range -16 to -1-16. 

This operation Is Identical to the 
operation SDL apart from the treatment 
of the most signrficant bit of the word, bit 
15. This bit Is unaltered during right 
shifts, and shifts into the adjacent bit, bit 
14. For left shifts, the bit is treated in an 
identical manner to other bits of the 
register. Thus a signed operand has the 
sign preserved during right shifts. 



Flags 

c z 



P;V DA 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C; Loaded from bit 15 shifted out of destination register (left shift) Or from bit shifted 

out of the destination register (right shift). 
Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set to 1 if most significant bit of resultant destination register is 1 . Reset otherwise. 
P/V: Set to 1 If Sigh of d^hation register Is changed during shift. Reset othenwise. 
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SDABBbdBs 



SDAB 



Vei^n Mnemonic afid Ferm 

SDAB Rbd. Rs 



Clocks 



MS, S 





1 1 1 1 1 Rbd 1 1 1 1 1 1 1 




Rs 





*n is the number of places shifted. < 



I )1. \ ■ .. "If l| ' ( C'lt > !••) "1- !^ 



'HJ I Hi ■ 

J Hii' -in At.' 

lilM -f.oH(if' I.. 
. ■ ■•nil r- . .■ 



Operation 

Rbd<0:7><-Rbd<0:7>shifted 



Description 

The contents of a general-purpose byte 
register designated by the Rtxl field of the 
instruction are shifted. The magnitude and 
direction of the shift are determined from 
the contents of the general-purpose word 
register designated by the Rs field of the 
instruction. The register contains a signed 
two's complement integer which Is used to 
determine the shift value. A positive 
number indicates a left shift, and a 
negative number indicates a right shift. 
The magnitude of the shift must be in the 
range -8 to +8. 

This operation is Identical to the operation 
SDLB apart from the treatment of the 
most significant bit of the byte, bit seven. 
This bit is unaltered during right shifts, 
and shifts Into the adjacent bit, bit six. For 
left shifts, the bit is treated in an identical 
manner to other bits of the register. Thus 
a signed operand has the sign preserved 
during righ't shifts. 



Flags 

c z 



p;v DA H 



- = UnaffectesJi.i a^.ii 

1 = Set .. I'siiv -v-' • • 

= Cleared 

* = Conditional - see description 



G: Loaded from bit 7 shifted out of destination register (left shift) or from bit shifted 

out of the destination register (right shift). 
Z: Set to 1 if the result is zero. Reset othenwise. 

S; Set to 1 it most siggjfi^^ ^tt0|,ir^^ltat4destination register is 1 . Reset othenwise. 
P'N: Siet to 1 if .sign.fiif.;<jf^MipMMl^^'W^ during shift. Reset othenivise. 
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SDAL 



SDAL 



Mode 



Version Mnemonic aitid t^orm 

SDAL RRd, Rs 

NS, S 







RRd hililil 











Clocks 



1*+ 3»* 



•n is the number of places shifted. ''■^<*''^ ' 



Operatloh 

RRd<0:31 >— RRd<0:31 >shifted 



Description 

The contents of a general-purpose long 
word register designated by the RRd field 
of the instruction are shifted. The 
magnitude and direction of the shift are 
determined from the contents of the 
general-purpose word register designated 
by the Rs field of the instruction. The 
register contains a signed two's 
complement integer which is used to 
determine the shift value. A positive 
number indicates a left shift, and a 
negative number indicates a right shift. 
The magnitude of the shift must be in the 
range -32 to +32. 

This operation is identical to the operation 
SDU. apart from the treatment of the 
most significant bit of the long word, bit 
31. This bit is unaltered during right shifts, 
and shifts into the adjacent bit, bit 30. For 
left shifts, the bit is treated to other bits of 
the register. Thus a signed operand has 
the sign preserved durirtg right shifts. 



Flags 

C Z 



P/V DA H 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



C: Loaded from bit 31 shifted out of destination register (left shift) or from bit shifted 

out of the destination register (right shift). 
Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set to 1 if most significant bit of resultant destination register is 1 . Reset otherwise. 
P/V: Set to 1 if sign of destination register is changed during shifL Reset otherwise. 
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SQL Bd, 13^ 



1!^ 



Mode 



R 



Version Mnemonic and Form 



NS. S 



SDL Rd, Rs 





0|0|1 ,1 


Rd 


0|0|1|1 




Rs 







Cloclcs 



15 + 3n* 



*n is the number of places shifted, v. - 



Operation 

Rd<0:1 5>*-Rd<0:1 5> shifted 



Description 

The contents of a general-purpose word 
register designated by the Rd field of the 
instruction are shifted. The magnitude 
and direction of the shift are deternnined 
from the contents of the general-purpose 
word register designated by the Rs field 
of the instruction. The register contains a 
signed two's complement integer which is 
used to determine the shift value. A 
positive number indicates a left shift, and 
a negative number indicates a right shift. 
The magnitude of the shift must be in the 
range -16 to -H 6. 



Flags 

c z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the destination register. 
Z: Set to 1 if the result is zero. Reset otherwise. 
S: Set to 1 if the result is negative. Reset otherwise. 
P/V: Undefined. 
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SDLB 



SDLB 



Mode 



jVerslon Mnemonic and Form 

SDLB Rbd. Rs 

NS, S 





OiOi 1 lO 


Rbd lO 1 1 1 1 1 




Rs 





Clocks 



15 + 3n* 



*n is the numb^ of places shifted. 



Rbd<0:7>-^Rbd<0:7>(shlfted) 



Description 

The contents of a general-purpose byte 
register designated by the Rbd field of the 
instruction are shifted. The magnitude and 
direction of the shift are determined from 
the contents of the general-purpose word 
register designated by the Rs field of the 
instruction. The register contains a signed 
two's complement integer which is used to 
determine the shift value. A positive 
number indicates a left shift, and a 
negative number indicates a right shift. 
The magnitude of the shift must be in the 
range -8 to +8. 



Flags 

c z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the destination register. 
Z: Set to 1 if the result Is zero. Reset othenwise. 

S; Set to 1 if the result is negative. Reset' 0theiWise._ 

P/V: Undefined. 



5-161 



SDLL 



SWiPT long word logical (dynamic) 
SDLL RRd, Rs 



Version 

NS.S 



Mnemonic and Form 

SDLL RRd, Rs 



,Aj.9.i1i1j 


OiOi 1 1 1 


RRd 






Rs 







Cloclcs 



15 + 3n* 



*n is tile number of places shifted. 



Operation 

RRd<0:3'f><4RHd<0:31 >(shifted) 



Description 

The contents of a general-purpose 
register pair designated by the RRd field 
of the instruction are shifted. The 
magnitude and direction of the shift are 
determined from the contents of the 
general-purpose word register designated 
by the Rs field of the instruction. The 
register contains a signed two's 
complement integer which is used to 
determine the shift value. A positive 
number indicates a left shift, and a 
negative number indicates a right shift. 
The magnitude of the sliift mi^ be in tfie 
range -32 to +32. 



Flags 

C Z 



P/V DA 



- = Unaffected ? ■■ > 

1 = Set 
= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of destination register pair. 
Z: Set to 1 if the result is zero. Reset otherwise. 
S: Set to 1 if the result is negative. Reset otherwise. 
P/V: Onaatine8f*"*^'" " 



SET 



SET bit in word (static) 
SET?jift.gfc 



SET 



R 



Version Mnemonic and Form 

SET Rd, B 



IR 
IR 

DA 
DA 

DA 



NS 

5 
Ns 

sso 

SLO 

NS 

SSO 

SLO 



NS, S |1 I 1 1 I I 1 1 I I 1 I Rd 



SET Rdt. B 



SET RRdT, B 



lOiOil lOiQil lOitl RRd^tQ I ~b" 

SET LABEL, B 



Oi 1 I 1 lOiOi 1 lOi 1 lOiOiOiO 



ADDRESS 



SET LABSSO. B 



SET LABSSO (Rx). B 



Clocks 

4 



|0i0i1i0i0i1i0il| Rd^tQ 






1 1 1 ,0,0, 1 ,0, 1 


1 1 1 1 b 





SEGMENT 


OFFSET 


SET LABEL, B 





1 1 1 lOiOi 1 ,0, 1 


I 1 Oj 1 b 


1 


SEGMENT 




OFFSET 


SET LABEL (Rx), B 





1i1iOiOi1iOi1 


Rx ?t 1 b 


ADDRESS 






1,1,0,0,1,0,1 


Rx ^ 1 b 





SEGMENT 


OFFSET 


SET LABEL (Rx), B 





1,1,0,0,1,0,1 


Rx 5* j b 


1 


SEGMENT 




OFFSET 



11 



11 



13 



14 



14 



14 



17 



Operation 

word dst <b bit>* 



Description 

The selected bit of the word destination 
is set to one. The remaining 15 bits are 
unaltered. The destination is determined 
by the applicable addressing mode, while 
the bit to be set is determined by the 
binary value of the b field of the 
instruction. 



Assembler Notation 

The assembler notation B is a numeric 
expression which is assembled into a 
binary value in the b field of the 
instruction. The range of B is zero through 
15, and b = B. Specifying a B outside of 
the allowable range produces an 
assembler error. 



Flags 

C Z 



P/V DA H 



Flags are,i|iot:«ffected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



SET 



Mode 



R 



Version Mnemonic and Form 

SET Rd. Rs 

NS. S 



Clocks 



i-.i 



Operation 

Rd<bit specified in Rs(0:3)>«-1 



Description 

The selected bit of the word destination is 
set to one. The destination word operand 
is the general-purpose register designated 
by the Rd field of the Instruction. The bit of 
the destination register to be set is 
determined by a binary decode of the 
least significant four bits of a general- 
purpose word register designated by the 
Rs field of the instruction. The remaning 
15 bits of the destination are unaltered. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



- = Unaffa^« , jjscr: M' 
1 = Set 
= Cleared 

* = Conditional - see description 



5-164 



SETB 



SET bit'ifti|99te (stktic) 



SETB 



Mode 


Version 


Mnemonie eMd Form 

SET Rbd, B 


- 1 )■-'-.. 




Clocks 


Opiemtiofvn'^ 

byte dst <b bit><-1 




NS, S 


1 


0,1,0,0,1,0,0 


Rbd 1 


b 


4 






















SET Rdt, B 










IR 


NS 





0,1,0,0|1|OiO 


Rd 9* 1 


b 










SET RRdt, B 










IR 


S 





Oil ,0r0i1 ,OiO 


RRd * 1 


b 


11 








SET LABEL, B 








Description 


DA 


NS 





1,1,0,0,1,0,0 


o,o,o,ol 


b 


13 


I lie oeicLicu uii ui iric Dyi^ QcSLinaiion is 

oel \\j UMc. 1 Mc f CI lldll III ly ocVcll Ulls die 

unalt6r©d. ThG destination is dGterminsd 
by the applicable addressing mode, while 
the bit to be set to one is determined by 
the binary value of the b field of the 

irmtn irtinn 

II lOU U\«UUI 1. 


ADDRESS 






SET LABSSO. B 








DA 


SSO 





1,1,0,0,1,0,0 


0,0, 0,01 


b 


14 





SEGMENT 


OFFSET 






SET LABEL, B 















1,1,0,0,1,0,0 


0,0,0,0l 


b 






DA 


SLO 


1 


SEGMENT 






16 








OFFSET 










SET LABEL iriA; B 










X 


NS 





111, 0,0,1, 0,0 


Rx »s 1 


b 


14 




ADDRESS 








SET LABSSO (Rx), B 










X 


SSO 





1,1,0,0,1,0,0 




b 


14 


Assembler Notation 





SEGMENT 


OFFSET 






SET LABEL (Rx), B 








The assembler notation B is a numeric 
expression wliich is assembled into a 









1|1|0,0|1|0|0 


Rx 5« 1 


b 




binary value In tite b field of tlie 


X 


SLO 


1 


SEGMENT 






17 


instruction. Tfie range of B is zero through 






OFFSET 




15, and b = B. Specifying a 8 outside of 
















the allowable range produces an 
assembler error. 



Flags 

C Z S P/V DA H Flags are oot aiej^,-., ,^e.' 



- = Unaffected 

1 = Set 

= Cleared 

* Conditional - see description 



mm 




PI 



Version 



NS,S 



Mnemonic and Form 

SETB Rbd, Rs 

I 1 1 1 1 1 1 1 1 1 



Clocks 



Rs I 



If) 



Operation 

Rbd<bit specified in Rs(0:2)><-1 



Description 

The selected bit of the byte destination is 
set to one. The destination byte operand 
is the general-purpose register designated 
by the Rbd field of the instruction. The bit 
of the destination register to be set Is 
determined by binary decode of the least 
significant three bits of a general-purpose 
word register designated by the Rs field of 
the instruction. The remaining seven bits 
of flie destination are unaltered. 



Flags 

C Z S PA/ DA H 



Flags are not affected. 




= Cleared 

* = Conditional - see description 



5-166 



SETFLG 



SETFLGyST 



SETFLG 



Mode 



Version 



NS, S 



Mnemonic and Form 

SETFLG LIST 

ll,0,0,Oi1i1iOillCiZ.SPVlO.O.Oill 



Ciocics 



Operation 

FCW <C;Z;S;P/V>^1 
(Sg@ description beiow) 



Descriptioji . ; «c 

The CPU flags. .C, Z, 8 and P/V are set or unaltered according to the bit settings in the instruction fleid as descrilied in the table 
below. 



instruction Bit 


It = 


If = 1 


Assembler 
Notation 


7 


No effect 


Set C flag 


CY 


6 


No effect 


Set Z flag 


ZR 


5 


No effect 


Set 8 flag 


SGN 


4 


No effect 


Set P/V flag 


PY or OV 



Assembler Notation 

The assembler notation LIST refers to a list of any or aii of the foliowing reserved words, separated by commas: CY, ZR, SGN, PY, or OV. 
Note that PY and OV affect the same flag. 



Flags 

C Z 



PV DA H 



See descr4p»M. 



- ^ Unaffected 

1 = Set 

= Cleared 

♦ = Conditionai - see description 



5-167 



SIN 



SPECIAL INPUT word to register ttm WO port 

SIN Rd, PORT 
11^ Is ft SYSTEM iniMMsnf 



SIN 



PA 



Version Mnemonic and Form 

SIN Rd. PORT 

O1O1I1I1I1O1I1II Rd IO1I1O1I 



NS.S 



.'wt. 



PORT ADDRESS 



Clocks 



12 



Operation 

Rd <0:15>-»-pQrt src<0:15> 



Description 

A general-purpose word destination 
register designated by the Rd field of the 
instruction is loaded from an input port. 
The port address is determined directly 
from the instruction. The original contents 
of the destination are lost. 

The Instruction is similar In operation to 
the corresponding standard I/O 
instruction. The only difference is the 
value on tfie CPU status lines ST0-ST3. 



•^0 tSTr-<c: 



Flags 

C Z 



P/V DA H 



Flags are not affected. 



- = Unaffeote*^ 

1 = Set 

= Cleared 

* = Conditional - see description 



9^168 



SINB 



This is a SYSfiM In^rtitittoH. 



sme 



Mode 



PA 



Version Mnemonic and Form 

SINB Rbd, PORT 

NS. S 



O.O.I1I.I1O1I.0I Rbd 
PORTADDRi^^ 



Cloclcs 



12 



Operation 

Rbd<0:7><-port sre<0:7> 



Dneriptioh 

A general-purpose byte destination 
register designated by the Rbd field of the 
instruction is loaded from an input port. 
The port address is determined directly 
from the instruction. The original contents 
of the destination are lost. 

The instruction is similar in operation to 
the corresfxjnding standard I/O 
instruction. The only difference Is the 
value on the CPU status lines STQ-ST3. 



Flags 

c z 



PyV DA , , H 



Flags are not affected. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



5-169 



SIND 



This is a SYSTEM instnjction 



nt 



mm 



Version Mnemonic and Form 

\ . SINQ RdT, Rp. Rc 



IN, PH m 



PR s 



OiOi1(1 1,0,1,1 


Ro 


1,0,0,1 


OlOiOlO Rc 


Rd 


1 lOiOrO 


SIND RRdt, Rp, Rc 


0|0|1|1 ,1|0|1|1 


Rp 


1 ,0,0,1 


iiiHtOiQ Re 1 


RRd 


1 lOiOiO 



Cloclcs 



21 



21 



ai riair>< 



Operation 

dst<0:15>-<-port src<0:15> 
Rd<0:15>«-Rd<0:15>-2 
ftq<0:i5><-4ic<0i1 5> -1 



Description 

Data word from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then decremented 
by two. The contents of the general- 
purpose register designated by Rc are 
then decremented by one. 
This instruction is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 
value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 



Flags 

C Z S P/V DA H 



P/V; Set to one if the result of decrementing Rc register is zero. Reset othenwise. 



' 1 

= Cleared 

♦ = Conditional - see description 



5-170 



SINDB 



SP^DIAL INPUT byte ftorn VO port tt> metnoiy, ault^iiocmmet* 
SINDB (tet, Rp, Re 
This is a SYSTEM instmetion. 



SINDB 



Mode 



Version 



Mnemonic and Form 

SINDB Rdt. Rp, Rc 



IR, PR NS 



IP, PR S 



OiOilil I1O1I1O 


Rd 


1,0, 0|1 


1 1 1 Rc 


Rd 


1 lOiOiO 


SINDB RRdt, Rp, Rc 


O1O1I1I I1O1I1O 


Rp 


1.0.0.1 


1 1 1 Rc 


RRd 


liOiOlO 



Clocks 



21 



21 



Operation 

dst<0:7>-i-port src<0:7> 
Rd<0:1 5><-Rd<0:1 5> -1 
Rc<0:1 5>«-Rc<0:1 5> -1 



Description 

Data byte from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose registers 
designated by Rd and Rc are Hien 
decremented by one. 

This Instruction Is similar In operation 
to the corresponding standard I/O 
instruction. The only difference Is the 
value on the CPU status lines ST0-ST3, 

This Instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as ttie general- 
purpose port source or destination 



Flags 

c z 



P/V DA H 



P/V: Set to one if the result of decrementing Rc register is zero. Reset otherwise. 



- Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



5-171 



SINDR 



SINDR dst, Rp, fte 
This is a SYSTEM instruction. 



SINDR 



Mode 



Version 



1^ PR m 



IF^, PR S 



cr 



Mnemonic and Form 

SINDR RdT. Rp. Rc 



0,0,1,1 


1,0,1,1 


Rp 


1,0,0,1 


1 1 1 


Rc 


Rd 


, 1 1 


SINDR RRdT, Rp, Rc 


0|0|1 |1 


1,0,1,1 


Rp 


1,0,0,1 


0,0,0,0 


Rc 


RRd 


0,0,0,0 



Clocks 



11 + lOn* 



11 + 10n» 



"ti »the nun^ber of iterations. 



Operation 

dst<0:15>«-port src<0:15> 
Rd<0:15>«-Rd<0:15>-2 
Rc<0:15>«-Rc<0:15>-1 
Repeat until termination. 



Description 

Data word from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 

instruction is loaded into the memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then decremented 
by two. The contents of the general- 
purpose register designated by Rc are 
then decremented by one. The instruction 
is terminated when the result of tfiis 
decrementation reaches zero. 

Tfiis instruction is interruptible. 

This instruction Is similar in operation 
to tfie corresponding standard I/O 
instruction. Tfie only difference is ttie 

value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 

C 



P/V DA 



1 



P/V: Set to one. 



1 = Set 
= Cleared 

* = Conditional - see description 



5^172 



SINDRB 



SPECIAlr INPUT byte from l/Q port to mernoiy,,autedecreB[ii?rt anc( repeat 

SINDRB dst, Ftp, Rc 
This is a SYSTEM instruction. 



SIHEHtB 



Mode 



Version Mnemonic and Form 



IR, PR NS 



IR, PR s 



0|0| 1 1 1 


1,0,1,0 


Rp 


1 ,0,0,1 


1 1 1 


Rc 


Rd 


1 1 1 


SINDRB RRdT, Rp, Rc 


0,0,1,1 


1,0,1,0 


Rd 


1 ,0,0,1 


OiOiO,0 


Rc 


RRd 


OlOiOlO 



Clocks 



10n* 



11 + lOn* 



*n is the numljer of Iterations. 



Operation 

dst<0:7>«-port src<0:7> 
Rd<0:15>-<-Rd<0:15>-1 
Rc<0:1 5>«-Rc<0:1 5> -1 
Repeat until termination. 



Description 

Data byte from the port addressed by ttie 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into the memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The ohginal 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd and Rc are then 
decremented by one. The Instruction Is 
terminated wtien ttie result of ttiis 
decrementation reaches zero. 

This Instruction is Interruptible. 

This instruction is similar in operation 
to the corresponding standard I/O 
Instruction. The only difference Is the 
value on the CPU status lines ST0-ST3. 

This instruction uses both Indirect register 
memory addressing and port register port 

addressing modes. 

RO can be designated as the general- 
purpose port source or destination 

register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







- — Unaffected 
1 p Set 
r= Cleared 

* - Conditional - see description 



SINI 



SPECIAL INPUT word from I/O port to memory, autoihcremerit 
SINI dst, Rp, Rc 
This is a SYSTEIVI instruction. 



SINI 



VwMon 



Mnemonic and Petia 

SIN! RdT, Rp, Rc 



IR, PR NS 



IR, PR s 



.•1,v 



•.-■<«! ?t >I 

.ir.i ; IT 



OiOil i1 


1,0,1,1 


Rp 


0,OiO,1 


OlOiOlO 


Rc 


Rd 


1 lOiOlO 


SINI RRdt, Rp, Rc 


0,0,1 ,1 


1 iO,1 ,1 


Rp 


0,0,0,1 


OiOiOiO 


Rc 


RRd 


1,0,0,0 



Clocks 



21 



21 



Operation 

dst<0:15><--port src<0;15> 

Rd<0:15>^Rd<0:15>+2 

Rc<0:15>«-Rc<0;15>-1 



Description 

Data word from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then incremented 
by two. The contents of the general- 
purpose register designated by Rc are 
decremented by one. 

This instruction Is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 

value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 

C Z S P/V DA H P/V: Set to 1 if the result of decrementing Rc register Is zero. Reset otherwise. 

------ - 

- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



§.174 



SINIB; 



This is. a-$?«1^TEM ln^ix:6c>n, 



SINiB 



Mode 



Version Mnemonic and Form 



IR, PR NS 



IR, PR S 



OIOI1I1 1IOI1IO 




O1O1O1I 


OlOiOlO Rc 




J lOiOiO 


SINIB RRdT, Rp, Rc 


O1O1I1I I1O1I1O 


Ro 




1 1 1 Rc 


RRd 





Clacks 



21 



-Si' 



Operation 

dst<0:7><-port src<0;7> 
Rd<0;15>«-Rd<0;15>+1 
F«t<:0:T5>*-Rc<aiS> -1 



Dmerlptton 

Data byte from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction Is loaded into a memory 
destination. The destination is addressed 
by the contents of the general-purpose 
register designated by tite Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then incremented 
by one. The contents of the general- 
purpose register designated by Rc are 
decremented by one. 

This instruction is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 
value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 

C Z S P V DA H PA/: Set to 1 if the result of decrementing Rc register is ^ro. Reset otherwise. 

- = Unaffected 

1 = Set 

= Cleared \ 

* = Conditional - see description , „ 



5-1 7$ 



SINIR 



SP^NW^4liP|ttmK«l frM Wfiort W ttm^of^ iB^^teintifuntnli repeat 
This Is la SVSTEM IfisfruetfdnT 



SINIR 



Mode 



Version 



Mnemonic and Form 

SINIR Rdt, Rp, Rc 



0,0,1,1 


1,0,1,1 


Rd 


0,0,0,1 


, 1 , 


Rc 


Rd 


0:0,0,0 


SINIR RRdt, Rp, Rc 


0, 1 1 1 1 


1,0,1,1 


Rp 


1 1 1 1 


0,0,0,0 


Rc 


RRd 


, 1 , 



Cloclcs 



11 + 10n* 



10n' 



*n Is the numljer of terattons. 



■TIJ4 fd tiateni 



.1,. ^. . - . ■•SC<i'lK) 



Operation 

dst<0:15>«- port Sfc<0:15> 
Rd<0:15><-Rd<0:15>+2 
Rc<0:1 5>«-Rc<0:1 5> -1 
Repeat until termination. 



Description 

Data word from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination Is addressed 
by the contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then incremented 
by two. The contents of the general- 
purpose register designated by Rc are 
decremented by one. This instruction is 
terminated when the result of this 
decrementation reaches zero. 

Tliis instruction Is Interruptible. 

This Instruction is similar In operation 
to the corresponding standard I/O 
Instruction. The only difference Is the 
value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1. 



- = unsmmm 

1 = Set 

= Cleared 

* = Conditional - see description 



SINIRB 



SPECIAL INPUT byte froiw t^iuillemH^^ and repeat 

This is a SYSTEM instruction. 



SINIRB 



Mode 



Version 



lUnemonic and Form 

SINIRB RdT, Rp. Rc 



IB, PR NS 



IR, PR s 



0,0,1 |1 


1,0,1,0 


Rp 


0,0, Oi 1 


0,0|0,0 


Rc 


Rd 


1 1 1 


SINIRB RRdT, Rp, Rc 


0,0,1,1 


1,0,1,0 


Rp 


0,0,0,1 


OiOiOiO 


Rc 


RRd 


OlOiOlO 



Clocks 



11 + 10n* 



11 + lOn* 



•n is the number of iterations. 



Operation 

dst<0:7^^ort src<0:7> 
Rd<0:15>— Rd<0:15> + 1 
Rc<0:15>^Rc<0:15>-1 
Repeat until termination. 



Description 

Data byte from the port addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction is loaded into a memory 
destination. The destination Is addressed 
by tfie contents of the general-purpose 
register designated by the Rd (or RRd) 
field of the instruction. The original 
contents of the destination are lost. The 
contents of the general-purpose register 
designated by Rd are then incremented 
by one. The contents of the general- 
purpose register designated by Rc are 
decremented by one. This Instruction is 
terminated when the result of this 
decrementation reacties zero. 

This instruction is interruplible. 

Tliis instruction is similar in operation 
to the corresponding standard I/O 
instruction The only difference Is the 
value on the CPU status lines ST0-ST3. 

This instruction uses both Indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose port source or destination 
register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1. 



= Unaffected 
= Set 
= Cleared 
= Conditional 



see description 



5-177 









Version 


Mnemonic and Form 






SLA Rd, N 




MS. $ 


1 lOi 1 1 1 lOiOi 1 1 1 1 Rd 


ll iOiO,. lJ i^ i^^fj. 


n' ■ 


1 c !l iJb 



Mod* 



*N is Kurnber of places shifted. 



Bifll 'i ' • - ■ I. ^ -..^ri 



„ J,'- !■ 



Operation 



C — — 15 



-^0 



Description 

The contents of the word destination 
register are shifted left. The destination is 
a general-purpose word register 
designated by the Rd field of Vne 
instruction. The numtier of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must k>e in ttie range zero to 16. 
The n field is a 16-bit positive integer in 
two's complement notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression whicti is assembled into the bit 
field n of the instruction. The range of N is 
zero to 16, and n = N. Specifying an N 
outside of the allowable range |3roduces 
an assembler error. 



Flags 

C Z 



P/V DA 



- = Unaffected , ^ 

1 = Set 

= Cleared 

* = Conditional - see descripUon 



C: Loaded from the last bit shifted out of the word register. 

Z: Set to 1 if the result is zero. Reset othenivlse. 

S: Set if the most significant bit of the resultant destination is 1. Reset ottierwise. 

P/V: Set to 1 if sign erf rJigiStor chait^ during shift operation. Reset otherwise. 



5-178 



SLAB 



SHIFT byte arilhrneflc left 



SLAB 



Vwrslon Mnwnonle and Form 

SLAB nod. N 

NS. S 



1iOi1i1iOiOi1iO| Rbd |l|0|0|1 



13 + 3N» 



•N is the number of places shifted. 



'0|»eration • 



c 




7 





Description 

The contents of the byte destination 
register are shifted left. The destination Is 

a general-purpose byte register 
designated by the Rbd field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 
eight. The n field is a 16-bit positive 
integer in two's contplement notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to eight, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z 



P/V DA 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the byte register. 

Z; Set to 1 if result is zero. Reset otherwise. 

S: Set if the most significant bit of the resultant destination is 1 Reset otherwise 
P/V: Set to 1 if sign of register changed during shift operation. Reset othenwise. 



S-17f 



SLAL 



SLAL 



NlJde 



Varsion MnemoniewMl Fbrm 

SLAL RRd, N 

1iOi1i1iOiOi1il| RRd |l I 1 I I 1 



NS, S 



13 + 3N* 
•I 



*N'is the number of places shifted. 



!U1 



•1 



•''OpcraHdn 



CHH31 



16 



Description 

The contents of the long word destination 
register are shitted left. The destination is 
a general-purpose long word register 
designated by the RRd field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 32. 
The n field is a 16-bit positive integer in 
two's complement notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to 32, and n = N. Specifying an N 
outside of the alloweible range produces 
an a^emt>ler error. 



Flags 

c z 



P/V DA H 



- = Unaffected ■ j.i , 

1 " Set . _ - _ 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the word re 

Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set if the most significant bit of the resultant destination is 1. Reset otherwise. 
P/V; Set to 1 if sign of register changed during shift operation. Reset otherwise. 



SLL 



SHIFT mta logiGai left 



SLL 



Veraton Mnemonle ami Form 

SLL Rd, N 

NS. S 



1|0i1i1i0i0i1il| Rd |0|0|0]1 



Clocks 



13 + 3N* 



*N is the number of places shifted. 



OpeiiMten 



["c}—- -^ 17 — — of — 



Doscrtptfon 

The contents of the word destination 
register are shifted left. The destination is 
a general-purpose word register 
designated by the Rd field of the 
instruction. The number of places to be 
shitted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 16. 
The n field is a 16-bit positive integer in 
two's complement notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to 16, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

c z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the register pair. 
Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set if the most significant bit of the resultant destination is 1. Reset otherwise. 
P/V: Undefined. 



- "i'.K'>'jr;v. I 



5-181 



1 



Version Mnemonic and Form 

SLLB Rbd, N 

1iOi1i1iOiOi1iOl Rbd lOiOiOil 



eiocics 



13 + 3N* 



*N is the number of places sliifted. 



Operation 



[c"|-— I? — — o\ *-c 



Description 

The contents of the byte destination 
register are shifted left. The destination is 
a general-purpose byte register 
designated by the Rbd field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 
eigln. The n field is a 16-bit positive 
iriteger in two's complonent notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to eight, and n = N. Specifying an N 
outside of the allowable range produces 
mmamBUer error. 



P/V DA H 




= bleared 
* = ponditional - see description 

1-^--^^- ■ 



C: Loaded from the last bK shifted out of the byte register. 
Z: Set to 1 if the result Is zero. Reset otherorise. 

S: Set if tfie most significant bit of the resultant destination is 1 . Reset otherwise. 



5-182 



SLLL 



SHIFT tongwofd togjealMt. T 



SLLL 



Varalon Mnamonle and Form 

SLLL RRd, N 

MS, S 



1iOi1i1iOiOi1ill RRd 1 1 1 1 1 1 



Clocks 



13 + 3N* 



*N Is the number of places shifted. 



.^flperaUoii 

3R 



c 




31 — 16 






















1^ 






Doseriptlon 

The contents of the register pair are 
shifted left. The register pair Is designated 
t>y the RRd field of the Instruction. The 
magnitude of the shift is determined from 
the value of the n field of the instruction. 
The magnitude of the shift must t>e in the 
range zero to 32. The n field Is a 16-bit 
positive Integer In tvvo's complement 
notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to 32, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z 



P/V DA 



Loaded from the last bit shifted out of the register pair. 
Set to 1 if the result is zero. Beset othenwise. 

Set if the most significant bit of the resultant destination isjl. Beset ottienMise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



P/V: Undefined. 



see description 



5-183 



SOTDR 



SPECIAL OUTPUT mMSmmiimm&^m l^i)^ eutodecrerrant and repeat 

SOTBf* f^i 
This is a SYSTEM ins^cQon. 



SOTDR 



Mode Version Mnemonic and felt*n 

SOTDR Rp, RsT. Rc 



IR 



m 



'•1 



PR s 



O1O1I i1 l i O il i l J a 


1 iO,1 1I 


OlOiOlO ..'1%' } m 


1 1 1 


SOTDR Rp, RRsT, Rc 



lOlOrlil 1|0i1il| 


RRs 


1,0,1,1 






OiOiOiO 


*nis<lienumb|ar( 






1 






i 






,fU 1 






••J 







Clocks 



11 + lOn* 



fTt 

r.rr' ef< f 



Operation 

port dst<0:15><-src<0:15> 
Rs<0:15>'«-Rs<0;15>-2 
Rc<0;15>'<-Rc<0:15>-1 
Repeat until termination. 



Description 

A data word in memory, addressed by the 
contents of ttie general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
Instruction. The source contents are 
unaltered. The contents of the 
general-purpose register designated by 
Rs are tiien decremented by two. The 
contents of ttie general-purpose register 
designated t>y the Rc field is decremented 
by one. The instruction is terminated 
when the result of this decrementalipn 
reaches zero. 

This instruction Is Interruptlble. 

This Instruction is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 
value on the status lines ST0-ST3. 

This Instruction uses both Indirect register 
memory addressing and port register port 

addressing modes. 

RO can be designated as the general- 
purpose source or port destination 
register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







PA': Set to 1. 



- = Unaffe^jSm a 

1 = Set 

= Cleared 

* = (^onditlonal - see description 



mm 



SOTDRB 



SPECIAL OUTPUT ibftelfew fternaiiys to MO port. ayisWi^fcsfetowti^Lrepeat 
This is a aVSTEM -instrueSdn. 



SOTDRB 



Mode 



Version 



Mnemonic and Form 
SOTDRB Rp, RsT, Rc 



IR, PR NS 



IR, PR s 



OiOt1i1 I1O1I1O 


Rs 


1 1O1I ,1 


1 1 1 Rc 


Rd 


OiOiOiO 


SOTDRB Rp, RRsT, Rc 


O1O1I 1 1 1 [Oil lO 


RRs 


1,0,1,1 


1 1 1 Rc 


RO 


Oi@d0,i<O 



Clocks 



11 + lOn' 



11 + iOn* 



*n Is the number of Iterations. 



Operation 

port dst<0;7>»-src<0:7> 
Rs<0;15>»-Rs<0;15>-1 
Rc<0:15>»-Rc<0:15>-1 
Repeat until termination. 



Description 

A data byte in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the 
general-purpose register designated by 
Rs are then decremented by one. The 
contents of the general-purpose register 
designated by the Rc field is decremented 
by one. The instruction Is terminated 
when tfie result of this decrementation 
reaches zero. 

This instruction Is interruptlble. 

This Instruction Is similar in operation 
to the corresponding standard I/O 
Instruction. The only difference Is the 
value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes 

RO can be designated as the general- 
purpose source or port destirtation 
register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: Set to 1. 



- = Unaff^ted 

1 = Set 

= Cleared 

* = Conditional - see description 



5-185 




SPECIAL OUTPUT word from memory to I/O port, autoincrement and repeat 

SOTIR Rp, src, Rc 
This is a SYSTEM instniction. 



and Form 
SOTIR Rp, RsT, Rc 



UfaMtfO 



OiOilil 


1 lOil i1 


Rs 


0,0,1,1 


OlOiOlO 


Rc 


Rp 


OiOiOiO 


SOTIR Rp, RRsT, Rc 


OiOi 1 1 1 


1,0,1,1 


RRs 


0,0,1,1 


OiOiOiO 


Rc 


RRp 





Cleela 



11 + lOn* 



11 + lOn' 



1 'ai8fil-»e;ii- 



r>oq 

•i.isn0jeab 

•irwtrico 



Operation 

port dst<0:15>«-src<0:15> 

Rs<0:15>«-Rs<0:15>+2 

Rc<0:15>«-Rc<0:15>-1 



Description 

A data word In memory, addressed by ttie 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction. Is loaded into the destination 
port. The destination is addressed lay the 
contents of the genersri-purpose register 
designated by the Ftp field of the 
instruction. The source contents are 
unaltered. The contents of the 
general-purpose register designated by 
Rs are then incremented by two. The 
contents of the general-purpose register 
designated by the Rc are decremented by 
one. The instruction terminates when the 
result of this decrementation reaches 
zero. 

This instruction is interniptible. 

This instruction is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 
value on the status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as ttie general- 
purpose source or port destination 
register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V: S^to 1. 



- = Unaffected 

1 = slot 

= C|eared 

* = Conditional - see description 



mm 



SOTIRB 



SPECIAL OUTPUT byte from memory lo I/O ablQiOSerMnt and repeat 

SOTIRB Rp, SIC, Rc 
This is a SYSTEM instruction. 



SOTIRB 



Version 



Mnemonic and Form 

SOTIRB Rp, RsT, Rc 



IR, PR NS 



IR, PR s 



0,0,1,1 


1 |0|1 |0 


Rs 


0,0,1 |1 


0|0|0|0 


Rc 


Rp 


1 1 1 


SOTIRB Rp, RRst. Rc 


0,0,1,1 


1 1 , 1 1 Q 


RRs 


OlOil ,1 


OiOiOiO 


Rc 


RRd 


OlOiOlO 



Clocks 



11 + 10n* 



11 + lOn* 



*n is the number of iterations. 



Oparatton 

port dst<0:7>«-src<0:7> 
Rs<0:15><-'Rs<0;T5> +1 
Rc<0:T5>«-Rc<0:15>-1 



Description 

A data byte in memory, addressed t>y the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
instruction. Is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction The source contents are 
unaltered. The contents of the 
general-purpose register designated by 
Rs are then incremented by one. The 
contents of the general-purpose register 
designated by the Rc are decremented by 
one. The instruction terminates when the 
result of ttiis decrementaSon reaches 
zero. 

This Instruction is interruptibie. 

This instruction is similar In operation 
to the corresponding standard i/O 
instruction. The only difference is the 
value Oh the status lines STQ-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose source or port destination 
register. 



Flags 



c 


z 


s 


P/V 


DA 


H 








1 







P/V; Set to 1 . 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



5-187 



SPECIAL OUTPUT word from register to I/O port 
SOUT PORT, Rs 



T 



NS. S 



Miwmonlc and Form 

SOUT PORT, Rs 



POffr AOPRESS 



Rs 1 1 1 1 1 1 1 



Cloeia 



12 



:104n««f''3 •« T-" '"^ 



•<* to Ij'-'r . C-' ':'«>»«lbflO 

-■5--il«fHrpn»jnoi»3!nJnni 



PJ' ■•ui 
'is 



Operation 

port dst<0:15>«-Rbs<0:15> 



Description 

The contents of the general-purpose word 
source register designated by the Rs field 
of the instruction are loaded into an output 
port. The port address is determined 
directly from the instruction. The source 
contents are unaltered. 

This instruction is similar in operation to 
the corresponding standard I/O 
instruction. The only difference is tfie 
value on tfie status lines ST0-ST3. 



Flags 

c z 



P/V DA H 



Flags are not affected. 



- = l^naffected 
1 = Set 
= Oieared 

= Qonditional - see description 



S4M 



SOUTB 



SPECIAL OUTPUT byte from register to I/O port 
SOUTB PORT, Rbs 
This is a SYSTEM instruction. 



SOUTB 



Mod« 



PA 



Version 



NS, S 



Mnemonic and Form 

SOUTB PORT, Rbs 

0|0.|1 1 1 I 1 iOi 1 iO| Rbs |0i1i1i1 



PORT ADDRESS 



Clocks 



12 



Operation 

port dst<0:7>«-Rbs<0:7> 



Description 

The contents ot the general-purpose byte 
source register designated by the Rbs 
field of the Instruction are loaded Into an 
output port. The port address Is 
determined directly from the instruction. 
The source contents are unaltered. 

This instruction is similar In operation to 
the corresponding standard I/O 
instruction. The only difference is the 
value on the CPU status lines ST0-ST3. 



Flags 

C 



P'V DA H 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



SPECIAL OUTPUT word from memory to I/O port, autodecrement 
SOUTD Rp, src, Rc 
Dws Is a SYSTEM Insteuction. 



IP 



Mnemonic and Form 

SOUTD Rp, RsT, Rc 



, PR NS 



IH, 8 



0,0,1,1 


1,0,1,1 


Rs 


1,0,1,1 


1 , 1 


Rc 


Rd 


1 ,0,0,0 


SOUTD Rp, RRsT, Rc 


OiOil ,1 


1,0,1,1 


RRs 


1,0,1,1 


OiOiOiO 


Rc 


Rp 


1 iOiO,0 



Ooeks 



21 



21 



ri^-- (an 



Operation 

port dst<0:15><— src<0:15> 

Rs<0:15>-c-Rs<0:15>-2 

Rc<0:15>«-Rc<0:15>-1 



Description 

Data word in memory, addressed by tlie 
contents of the general-purpose register 
designated by ttie Rs (or RRs) field of ttie 
instruction, is loaded into tlie destination 
port. Tlie destination is addressed by the 
contents of the general-purpose register 
designated by the Rd field of the 
instruction. The source contents are 
unaltered. The contents of the general- 
purpose register designated by Rs are 
then decremented by tMK>. The contents of 
the general>purpose register designated 
by Rc are decremented by one. 

This instruction Is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 
value on the status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose source or port destin^on 
register. 



Flags 

c z 



PN DA H 



- = Unaffected 

1 = SiBt 

= cjeared 

* = Conditional - see description 



PN: Set to 1 if the result of decrementing Rc is zero. Reset othenivlse. 

i -Jl — ■ 



SOUTDB 



SPE©tM. OUTPUT byfelinbitfiMsntNV tb 1^ port; auwdteei^e^^ 
This is a SYStiM insAtictim. 



SOUTDB 



Mode 



Version Mnemonic and Form 



IR, PR NS 



IR, PR S 



0|0,1|1 


1 lOil lO 


Rs 


1,0,1,1 


OlOiOlO 


Rc 


Rd 


1 lOiOiO 


SOUTDB Rp, RRsT, Rc 


0,0,1.1 


1.0,1.0 


RRs 


1.0.1.1 


Oi OiOiO 


Rc 


Rp 





Clocks 



21 



21 



Operation 

port dst<0:7><-src<0:7> 
Rs<0:15>*-Rs<0;,1 5> -1 
Rc<0:1 5>-<-flc<0:1 5> -1 



Description 

Data byte in memory, addressed by the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of the 
Instruction, is loaded Into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rd field of the 
instruction. The source contents are 
unaltered. The contents of the general- 
purpose register designated by Rs are 
then decremented by one. The contents 
of the general-purpose register 
designated by Rc are decremented by 
one. 

This instruction is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 
value on the status lines ST0-ST3. 

This instruction uses both Indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose source or port destination 
re 



Flags 

c z 



ig pjiy f DA H 



P/V: Set to 1 if the result of decrementing Rc zero. Reset othenwise. 



- -= Unaffected -J . 'U 

1 = Set 

= Cleared 

* = Conditional - see description 



5-191 



SOUTI 



SPECIAL OIJTPUT word from memory to I/O port, autoincroment 
SOUTI Rp, src, Rc 
This Is a SYSTEM Instruction. 



SOUTI 



Mode 



IR 



Version 



, PR NS 



laPR S 



Mnemonic and Form 

SOUTI Rp, Rsl, Rc 



0,0,1,1 


1,0,1,1 


Rs 


0,0,1,1 


1 1 , 


Rc 


Rp 


1 ,0,0,0 


SOUTI Rp, RRst, Rc 


0|0|1|1 


1|0|1,1 


RRs 


0,0,1,1 


OiOiOiO 


Rc 


Rp 


1 lOiOlO 



Clocks 



21 



21 



Operation 

port dst<0:15><--src<0:15> 

Rs<0:15>'<-Rs<0:15>+2 

Rc<0:1S><-Rc<0:15>-1 



Description 

Data word in memory, addressed by the 
contents of ttie general-purpose register 
designated by the Rs (or RRs) field of the 
instruction, is loaded into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by the Rp field of the 
instruction. The source contents are 
unaltered. The contents of the 
general-purpose register designated by 
Rs are then incremented by two. The 
contents of the general-purpose register 
designated by Rc are decremented by 
one. 

This instruction is similar in operation 
to the corresponding standard I/O 
instruction. The only difference is the 
value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 
addressing modes. 

RO can be designated as the general- 
purpose source or port destination 
register. 



■ : 

Flags 

C Z S P/V DA H P/V; Set to 1 if the result of decrementing Rc is zero. Reset otherwise. 

- - ♦ - - 

- = Unaffected 'ipipOB^Sfc^* 

1 = Set 

= Cleared 

* = Conditional - see description ^ 




SOUTIB 



SPECIAL OUTPUT ^9 Jltorritp^iifary^^ port, autoincrement 
SCXJTIB Rp, SR^ Rc 
This is a SYSTEM instruction. 



SOUTIB 



Mode 



IR, PR 



Version 



NS 



Mnemonic and Form 

SOUTIB Rp, RsT, Rc 



IR, PR s 



0,0,1,1 


1,0,1,0 


Rs 


0,0,1,1 


, ro 1 


Rc 


Rd 


1 lOiOlO 


SOUTIB Rp, RRsT, Rc 


Oi Oj 1 , 1 


1,0,1,0 


RRs 


0,0,1,1 


OiOiOiO 


Rc 


Rd 


1 iOiDiO 



Cloci(s 



21 



21 



Operation 

port dst<0:7>«— src<0:7> 
Rs<0:15>'>-Rs<0:15>+1 
Rc< 0: 1 5> •<-Rc<0: 1 5> - 1 



ISescrlptlon 

Data byte in memory, addressed t)y the 
contents of the general-purpose register 
designated by the Rs (or RRs) field of ttw 
instruction, is loaded Into the destination 
port. The destination is addressed by the 
contents of the general-purpose register 
designated by ttie Rp field of the 
Instruction. The source contents are 
unaltered. Ttie contents of the general- 
purpose register designated by RS are 
then Incremented by one. The contents of 
the general-purpose register designated 
by Rc are decremented by one. 

This instruction Is similar In operation 
to the corresponding standard I/O 
Instruction. The only difference Is the 

value on the CPU status lines ST0-ST3. 

This instruction uses both indirect register 
memory addressing and port register port 

addressing modes. 

RO can be designated as the general- 
purpose source or port destination 



Flags 

c z 



P/V DA H 



P/V: Set to 1, if the result of decrementing Rc is zero. Reset- othwwise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 
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SRA 



SHIFT word arithmetic right 
SRA Rd, N 



SRA 



i 



lode Varakm 
NS,S 



Mnemonic and Fbrm 

SRARd. N 

ti6>1i1ib^6jlilil liM hiOidTT 



Clocks 



13 + 3N* 



*N Is ttis numtMil of places shifted. 



Operation 



15 



— oh - fcl 



Description 

The contents of the word destination 
register are shifted right. The destination 
is a general-purpose word register 
designated by the Rd field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 16. 
The n field is a 16-bit negative integer in 
two's complement notation. 

This operation is identical to the 
operation SRL apart from the treatment 
of the most significant bit of the word, bit 
is. This bit is unaltered during the shift 
operation, and shifts into the adjacent bit, 
bit 14. Thus a signed operand has ttie 
sign preserved during the shifting 
operation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to 16, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z S P/V DA H 



-=ljn 



1 = Set 
= Cleared 

* = ConditionsU - see description 



C: Loaded from the last bit shifted out of the word register. 
Z: Set to 1 if the result is zero. Reset othenwise. 

S: Set if the most significant bit of the resultant destination is 1. Reset othenvise. 



SRAB 



SHIFT byte aifM^ 



SRAB 



Varsion Mnemonic and Form 

SRAB Rbd, N 

MS. s 



1iOi1i1iOiOi1iO| Rbd II1O1O1I 



Clocks 



13 + 3N* 



Operation 



*N is the number pf places shifted. 



Description 

The contents of the byte destination 
register are shifted right. The destination 
is a generai-purpose byte register 
designated by the Rt>d field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 
eight. The n field is a 16-bit negative 
Integer in two's complement notation. 

This operation is Identical to the operation 
SRLB apart from the treatment of the 
most significant bit of the t>yte, bit seven 
This bit is unaltered during the shift 
operation, and shifts into the adjacent bit, 
bit six. Thus a signed operand has its sign 
preserved during the shifting operation. 



Assembler Notation 

The assembler notation N is a numeric 
expression wtiich is assembled into the bit 
field n of the instruction. The range of N is 
zero to eight, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the byte 
Z: Set to 1 if thettiesuit ig^eip. Re§et otherwi^. 
S: Set If the mo^j^l^aBi^it of^ remiltaiftj 
PA/: Reset. 
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SRAL 



SMIFT tong wmord tight arittinieic 
SRAL RRd, N 



SRAL 



Mode 
R 



Version Mnemonic and Form 
SRAL RRd, N 

I1O1I1I1O1O1I1II RRd |1 1 1 1 1 1 



NS, S 



Clocks 



13 + 3N* 



*N Is the number of places shifted. 



Operation 



31 



16 



-» ^15 — 



— C 



Description 

The contents of the long word destination 
register are shifted right. The destination 
is a general-purpose long word register 
designated by the RRd field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 32. 
The n field is a 16-bit negative Integer in 
two's complement notation. 

This operation is identical to the 
operation SRLL apart from the treatment 
of the most significant bit of the long 
word, bit 31. This bit is unaltered during 
the shift operation, and shifts into the 
adjacent bit, bit 30. Thus a signed 
operand has its sign preserved during tfie 
shifting operation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to 32, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z S P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the register pair. 

Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set if the most significant bit of the resultant destination is 1 . Reset otherwise. 

'W¥.: taet. ■ ' 



SRL 



SRL 



Mode 
R 



Version Mnemonic and Form 

SRL Rd, N 

J 1 1 1 1 r 1 1 1 1 1 1 1 Rd 1 1 1 1 1 



MS, S 



Cloclcs 



13 +3N* 



*N is Wie number of places shifted. : rit,. 



Operation 



15 



iSescription 

The contents of thie word destination 
register are stiifted right. The destination 
is a general-purpose word register 
designated by the Rd field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 1 6. 
The n field is a 16-bit negative integer in 
two's complement notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to 16, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 



c 


z 


s 


P/V 


DA 


H 




* 


* 


* J 







- = Unaffected 
1 = Set 
= Clearfed 
* = Condtional 



C: Loaded from the last bit shifted out of the word register. 

2-5 ^-IB i M'timmmiHi is zew. Reset otherwi^. j ^ 

'vSstlf'tlitt'M'Mi^MificMW of the Fesultittt. c^^nsitiM'SS'^., 
P/V: Undefined. ! ; 



see description 
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SRLB 



SHIFT logical 



SRLB 



Mode 
R 



Version Mnemonic and Form 

SRLB Rbd, N 

'l iOi1 i1 1O1O1I lOl Rbd IO1O1O1I 



NS, S 



Cioclcs 



13 + 3N* 



*N is lilfWittH ? M places shifted. 



Operation 



7 ^ 




C 





Description 

The contents of the byte destination 
register are shifted right. The destination 
is a general-purpose byte register 
designated by the Rbd field of the 
instruction. The nunnber of places to be 
shifted is deternnined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 
eight. The n field is a 16-bit negative 
integer in two's complement notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to eight, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 



Flags 

C Z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the byte register. 
Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set. if the most' signiticaM bit of the resultarrt destination is 1. Reset ottienwise. 
P/V: Undefined. 
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SRLL 









SRLL 



Version Mnemonic and Form 
SRLL RRd. N 

NS. S 



1 lOi 1 1 1 lOi Oi 1 1 1 I RRd |0i1i0i1 



Clocks 



13 + 3N* 



"N is the number of places shifteir 



sr 



Operation 



0— ^31 — — 



16 



Ljl5 ^ 



Description 

The contents of the long word destination 
register are shitted right. The destination 
is a general-purpose register pair 
designated by the RRd field of the 
instruction. The number of places to be 
shifted is determined from the value of the 
n field of the instruction. The magnitude of 
the shift must be in the range zero to 32. 
The n field is a 16-bit negative integer in 
two's complement notation. 



Assembler Notation 

The assembler notation N is a numeric 
expression which is assembled into the bit 
field n of the instruction. The range of N is 
zero to 32, and n = N. Specifying an N 
outside of the allowable range produces 
an assembler error. 

The number n is a negative two's 
eompiement number. 



Flags 

C Z 



P/V DA H 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



C: Loaded from the last bit shifted out of the register pair. 
Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set if the most significant bit of the resultant destination is 1. Reset otherwise. 
mi Undefined., 
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mm 







SUB 



Mode 

R 
IM 

I 

IR 
IR 

DA, 
DA 

DA 



Version Mnemonic and Form 

SUB Rd, Rs 



NS, S 

NS 

S 

NS 

ssp 

SLO 
NS 

sso 

SLO 



C!ocl(s 



NS, S |1|0|0|0|0|0|1|1| 



Rs 



Rd 



SUB Rd, IM " - 

Q i Q iSb 1 I 1 1 1 1 I I I 1 1 Hp^ 



OPERAND 



SUB Rd, Rst 

lOiOiOiOiOAtJjJI Rs#0 I Rd 

SUB Rd, RRsT 

|0i0i0i0i0i0i1il| RRs itO\ Rd 

SUB Rd, LABEL 

Oi1iOiOiOiOi1il|OiOiOiO| Rd 



ADDRESS 



SUB Rd, LABSSO 






1,0,0,0,0,1,1 


, , 1 1 Rd 





SEGIVIENT 


OFFSET 


SUB Rd, UBEL 


& 


1 lO iQ 1 1 0:1 1 , 1 


.s.ji.^j°uaL..j?H..... 


1 


■SEGIWENT 




OFFSET 


SUB Rd, LABEL (Rx) 





liOiOiO, 0,1,1 


Rx # 1 Rd 


ADDRESS 



SUB Rd, LABSSO (Rx) 






1,0,0,0,0,1,1 


Rx ^ 1 Rd 





SEGMENT 


OFFSET 


SUB Rd, LABEL (Rx) 





1|0, 0,0,0, 1,1 


Rx ^ 1 Rd 


1 


SEGMENT 




OFFSET 



10 



12 



10 



10 



13 



Operation 

Rd<0:15>«-Rd<0:15>-src<0:15> 



Description 

The source word operand contents are 
subtracted from the contents of the 
general-purpose word register designated 
by the Rd field of the Instruction. The 
result is loaded Into the destination. The 
source operand Is obtained using the 
applicable addressing mode. The original 
contents of the destination register are 
lost while those of the source operand 
are unaltered. 



Flags 

C Z 



P/V DA H 



* 













- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



0: Reset on carry from the most significant bit of result. Set to 1 otherwise (I.e., borrow). 

Z: Set tei-l It ItteMissiitlt.fs zfer-©. -Reset otherwise. ■ , 

S: Set»*«t»ijt^Msw^##. R^t otheTiWl^i . - 

P/V: Set to 1 on arithmetic msffam. Rie#f otherwise. 
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SUBB 



4,^ISSHJ^J^mii 9e^^ ' > I SUBB 



R 

IM 

IR 
IR 

DA 
DA 

DA 



Vwrslon 

NS, S 



MS 



SSO 



U.6 



MS 



SLO 



Mnsmonle and Form . 

SUBB Rbd, Rbs 

|l I I I I I I 1 I I Rbs 



Rbd 



Clocks 

4 



SUBB Rbd, 1Mb 



OiOiOiOiOiOi1 |0 



OPERAND 



OiO'O'Ol 



Rbd 



OPERAND 



SUBB Rbd, Rst 

|0i0i0i0i0i0i1 lOL tite#.0 I Rbd I 

SUBB Rbd. RRst 

I 1 1 1 1 1 1 1 1 1 RRs ^ I Rbd I 

SUBB Rbd, LABEL 

Oi1iOiOiOiOi1iO|OiOiOiO| Rbd 



ADDRESS 



SUBB Rbd, LABSSO 



1 lOiOiOiOi 1 lO 



SEGMENT 



] I I I Rbd 



OFFSET 



SUBB Rbd, LABEL 



1iOiOiOiOi1iO 


OiOiOjO[ Rbd 


1 S€@MENT 




OFFSET 


SUBB Rbd, LABEL (Rx 




1 1 1 1 1 1 1 1 1 


Rx ?f 1 Rbd 



ADDRESS 



SUBB Rbd, LABSSO (Rx) 






1 iO,OiO|0| 1 lO 


Rx 9* 1 Rbd 





SEGMENT 


OFFSET 


SUBB Rbd, LABEL (Rx 







1 1O1O1O1O1I iO 


Rx ?t 1 Rbd 


1 


SEGMENT 




. im^ssb± . - 



10 



12 



10 



10 



13 



Oip<n«tion 

Rbd<0:7>«-Rbd<0:7>-src<0:7> 



Description 

The source byte operand contents are 
sutjtracted from the contents of the 
general-purpose byte register designated 
by the Rbd field of the instruction. The 
result is loaded into the destination. The 
source operand is obtained using the 
applicable addressing mode. The original 
contents of the destination register are 
lost and those of the source operand are 
unaltered. 



Flags 



c 


z 


s 


P/V 


DA 


H 


* 




* 




1 


* 



- Unaffected 
1 = Set 
= Cleared 
* = Conditional 



see description 



C: Reset on carry from the most significant bit of result. Set to 1 otherwise (i.e., borrow). 

Z: Set to 1 if the result is zero. Reset otherwise. 

S: Set to 1 if the result is negative. Reset otherwise. -'- 

P/V; Set to 1 on arithmetic overflow. Reset otherwise. 

DA: Set to 1 always. 

H: Reset on carry from most significant bit of lower 4 bits of result. Set otherwise 
(Le., borrow). 
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SUBL 



SUPFBA6T iMig wont liwnHi«giistBr 



SUBL 



IM 

IR 

IR| 

DA 
DA 

DA 



Varalon 

NS, S 

NS. S 
NS 



Miwmofilc ind'^Pdrm 



NS 



SSO 



SLO 



NS 



SSO 



SLO 



SUBL RRd, RRs 


1,0,0,1,0,0 


1 1 1 RRs 1 


RRd 




SUBL RRd, IM£ 


0,0,0,1,0,0 


liOlO, 0,0,01 


RRd 




31 


OPERAND 




16 


15 


OPERAND 








SUBL RRd. Rst 

I , , , 1 , , , 1 , I ns^O I RRd 

SUBL RRd, RRsT 

lOiO, 0,1,0,0,1,01 HRs¥0 I RRd" 

SUBL RRd. LABEL 

0,1,0i1,0i0,1,0l0,0i0i0l RRd 



Clocks 

8 

14 

14 
14 



ADDRESS 



SUBL RRd, LABSSO 






1,0,1.0,0,1,0 


, , , 1 RRd 





SEGMENT 


OFFSET 


SUBL RRd, LABEL 





1,0,1,0,0,1,0 


0,0,0,01 RRd 


1 


SEGMENT 




OPFSET 



SUBL RRd, LABEL (Rx 




0,1,0,1,0,0,1,0 


Rx ?^ 1 RRd 


ADDRESS 



SUBL RRd, LABSSO (Rx) 






1,0,1,0,0,1,0 


Rx # 1 RRd 





SEGMENT 


OFFSET 


SUBL RRd, LABEL (Rx 







1,0,1,0,0,1,0 


Rx 1 RRd 


1 


SEGMENT 




OFFSET 



15 



16 



18 



18 



16 



19 



Opwitlon 

RRd<0:3t><-RRd<0:31 > -sre<0:31 > 



Description 

The source long word operand contents 
are subtracted from the contents of the 
general-purpose register pair designated 
by the RRd field of the instruction. The 
result Is loaded Into the destination. The 
source operand Is obtained using the 
applicable addressing mode. The original 
contents of the destination register are 
lost while those of the sounce .operand are 
unaWbiisttv ' ' ' 



Flags 

C Z 



P/V DA H 



- Unaffected 
1 = Set 
= Cleared 
* = Conditional 



C: Reset on carry from the most significant bit of result. Set to 1 otherwise (i.e., borrow). 
Z: Set to 1 if the result Is zero. Reset otherwise. 
S: Set to 1 if the result Is negative. Reset othenwise. 
P/V: Set to 1 on arithmetic overflow. Reset otherwise. 



see description 
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Tec 



,a)ndition codes and set a bit mjmrA 
TCC CG, Rd 



ICC 



Mode 

R 



Version 



Mnemonic and Form 
TCC CC, Rd 



NS, S h I I 1 I I 1 I 1 I 1 I 11 



Cloclcs 



CC 



Operation 

Rd<bil 0><-1 if condition is met. 



Description 

The contents of the flags are compared 
with those specified by the CC field of the 
instruction. If the comparison is 
successful, the least significant bit of the 
destination word register Rd is set to one. 
Otherwise this bit Is unaffected. 
Remaining bits of the destination are not 
altered. 



Flags 

C Z 



P/V DA 



Flags are :0S)( affesstocti 



= Unaffected 
= Set 
= Cleared 

= Condit onal - see description 



TCCB 



TEST condition codes and set a bit in 
TCCB CCi Rbd 



TCCB 



ViBrsion Mnemonte aM'^rm 

TCCB CC, Rbd 

NS, S |1 I 1 1 1 1 1 1 1 J 1 1 1 Rbd I CC" 



Docks 



Operation 

Rbd<bit 0>«-1 if condition Is met. 



Description 

The contents of the flags are compared 
with those specified by the CC field of tlie 
instruction. If the comparison is 
successful, the least significant bit of the 
destination byte register Rbd is set to one. 
Othenwise this bit is unaffected. 
Remaining bits of the destination are not 
altered. 



I 

I 

I 



Flags 

C Z S P/V DA H Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 
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TEST 



TEST word 



IR 
IR 

DA 
DA 

DA 



Mod* VcfSion Mnemonic ^ndti^n^ -ax-^ 

TEST Rd - , 

R IsfeS Ili0i0i0i1i1i0il| Rd IOi1|QiOl 7 



NS 

_ S 

NS 

sso 



MS 



TEST Rdt 

|0i Oi OiOi 1 I 1 lOi 1 I m IOi1iOiO| 8 

TEST RRdT ; 

TEST LABEL _ 

Qi1iQiOi1i1 iOillOiOiQid;|mi,OiO 



11. 



TEST LABSSO 






1,0,0,1,1,0,1 


0,0i0,0|0l1|0|0 


12 





SEGMENT 





TEST LABEL 






1iOiOi1|l!0|1 


0|OjO|OjO|l|0^0 


1 


SEGMENT 






OFF 


SET 


TEST LABEL (Rx) 





1|0, 0,1, 1,0,1 


Rx ?^ O 1 O 1 1 1 1 


ADDRESS 



14 



12 



TEST LABSSO (Rx) 






1,0,0,1,1,0,1 


F^^O jO,1|0|0 


12 





SEGMENT 


^ ©FFSEt 


TEST LABEL (Rx) 









1,0,0, 1,1, 0,1 


Rx 9^ |0|JjOl£ , 




1 


SEGMENT 




15 


OFFSET 





Oprnvtlon 

dst<0:t5>*-<3st<0:15> V 



Description 

The contents of the destination word 
operand are tested to set the appropriate 
flags. Testing is done by performing a 
logical OR operation between destination 
word and zero. The destination is 
determined by the applicable addressing 
mode and the contents of the destination 
are not altered. 

In the IR mode, RO (or RRO) can be 
designated as the general-purpose 
destination register. 



Flags 

c z 



P/V DA H 



Set to i if tile result Is zero. Reset otherwise. 
Set to 1 If the result is negative. Reset otherwise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



TEST byte 
TESTB dst 



DA 



DA 



DA 



NS 



NS 



SSO 



SLO 



NS 



S80 



SLO 



TESTB RdT 



|0|OiOiOi1i1iOiO| Rd |0|1|0|0| 

TESTB RRdT 

I Ot 1 I Ot 1 1.1 I I I WRd Ml 1 1 OiOl 

TESTB LABEL 



Oi1iOiOi1i1iOiO|OiOiOiO|Oi1iOiO 



ADDRESS 



TESTB LABSSO 






1 |0|0| 1 1 1 ,0,0 


1 1 1 1 1 1 


|0| 








SEGMENT 


OFFSET .. . 


TESTB LABEL 





1 rOiOi 1 1 1 ,0,0 


0|0|0|0|0|1 


|0| 





1 


SEGMENT 




:WS: 




OFFSET 


TESTB LABEL (Rx) 





1 iO,Oi 1 , 1 lOiO 


Rx ^ I 1 1 







ADDRESS 



TESTB LABSSO (Rx) 






1|OiOi1i1iOiO 


Rx 1 0, 1 1 1 





SEGMENT 


OFFSET " 


TESTB LABEL (Rx) 





1,0,0,1,1,0,0 


Rx^ 1 , 1 , , 


1 


SEGMENT 






OFFSET 



Docks 



Varsion Mnemonic and Form 

TESTS Rbd 

NS» S |liOrOiQi1itiOii)l Rbd I'Qvliaiil ' J: 7 



11 



12 



14 



12 



15 



Oporation 

dst<0:7>«-dst<0:7> V 



Description 

The contents of the destination byte 
operand are tested to set the appropriate 
flags. Testing is done by performing a 
logical OR operation between destination 
byte and zero. The destination is 
determined by the applicable addressing 
mode and the contents of the destination 
are not altered. 

In the IR mode, RO (or RRO) can be 
designated as the general-purpose 
destination register. 



Fiags 

C 



P/V DA 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



Z: Set to 1 if the operand is zero. Reset othenwise. 
S: Set to 1 if the operand is negative. Reset othenwise. 

1 if parity of operand is even. Reset-otherwise. 



i 



TESTL 



TESTL 



IR 
DA 

DA 
DA 



1^m$m. Mntmonle w#4^p»l M!<y<. CSIeelw 

^ TESTL RRd 

tfS, S II1O1O1I1I1I1O1OI RRd II1O191OI 13 



Mi 



•liii>.i;.i,g.. 



3SO 



SLO 



NS 



TESTL Rdt 

lOi OiOi 1 I 1 I 1 iO|Oj ^t*, hiOiOiQl 13 

TESTL RRdf -[ _ 

lorOi0...it,4-i-.A. «Pt»l 'mm tlilAMi «. 



TESTL LABEL 



Oi1iOi1j1i1iOiOlOiOiOiOlliOiOiO 



TESTL LABSSO 






I1O1I1I1I1O1O 


OjOiOiOh 


|0| 


0| 








SEGMENT) 1 










TESTL LABEL 





1.iO|1|1,1|0iO 


,P,i.?.i9|0h 


1.9.1 


0| 





1 


SEGMENT 










OFFSET 


TESTL LABEL (Rx) 





1 lOi 1 1 1 1 1 lOiO 


Rx?* |1 




0| 





ADDRESS 



TESTL LABSSO (Rx) 



1 |0|1 |1 |1 lOiO 



SEGMENT 



Rx ^ 1 1 I ^ I 



OFFSET 






1|0|1|1|1|0|0 


Hx^O 1 1 


1 


. , SEGMENT 




.,,Wir- ...PfrFSET 



16 



17 



19 



17 



20 



dst<0:31 ><-dst<0:31 > V 



i—LSLSofij- 



Descrlption 

The contents of the long word destination 
are tested to set the appropriate flags. 
Testing is done by performing a logical 
OR operation between destination and 
zero. The destination is determined by 
the applicable addressing mode and the 
contents of the destination are not 
altered. 

In the IR mode, RO (or RRO) can be 
designated as the general^purpose 
destination register. 



Hags 

C Z S P/V 


DA 


H 




* 








Ld 



= Unaffected 
1 - Set 
= Cleared: 

* = Conditional - see description 



Z: Set to 1 if the result is zero. Reset otherwise. 
S: Set to 1 if the result is negative. Reset otherwise. 

ItJIOTK' ! ! 



TRDB 



H^NSUAT^^, kobdecrement 

TRDB^,irt?i'Rc 



TRDB 



Mo^e 
IR 

IR 



Version 



NS 



Mnemonic and Form 

TRDB RdT. Rst, Rc 



1,0,1,1 


1 lOjOlO 


Rd 


1 iO,0,0 


0,0,0,0 


Rc 


Rs 


0,0,0,0 


TRDB RRdT RRsT, Rc 


1 lOi 1 1 1 


1 iOiO,0 


RRd 


1 jO,OiO 


OiOiO,0 


Rc 


RRs 


0|0,0|0 



Clocks 



25 



25 



I 



Operation 

(see description below) 



Description 

The general-purpose register (register 
pair in AmZSOOl) designated by the Rs 
(or RRs) field of the instruction contains 
the starting address of a byte table. 

The general-purpose register (register 
pair in AmZSOOl ) designated by the Rd 
(or RRd) field of the instruction contains 
the address of a byte string to be 
translated. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (in bytes) of the string 
remaining to be translated. 

A byte is read from the address specified 
by the Rd register. This byte is used as a 
table Index and Is added to the starting 
address of the table. The translated byte 
is read from this address, and Is loaded 
Into the address specified by the Rd 
register. 

The address specified by the Rd register 
is decremented by one to point to the next 
byte of the string. The contents of the 
register designated by the Rc field of the 
instruction are decremented by one, to 
indicate the remaining length of the string 
to be translated. This completes one 
iteration. 

This instruction terminates after one itera- 
tion. It is a special case of the instruction 
TRDRB. The contents of register RH1 are 
undefined following TRDB. 

RO can be designated as the general- 
purpose source designation register. 



Flags 

C 



P V DA 



Z: Undefined. 

PA/: Set to 1 If the result of decrementing Re is zero. Reset otherwise. 



- = Unaffected 
1 = Set 
= Cleared 

♦ = Conditional - see description 



5-208 



TRDRB 



TRDRB 



Mode jliiiMi 

IR iti«i' 
IB « 



|j|M»inoitte and'^fnl 

fRdT, RsT, Rc 



liOitil liOiOlO 


Rd 1 .1 1 1 


.iiOiOlO ig i. 




TRDRB RRdt, RRsT, Rc 


1iOi1l1 I1O1O1O 


RRd 


1,1, 0,0 




. A 





Clocks 



Mb' 



11 * 14n* 



*n is the nurrtier af toaterts. 



■ . ■>■:•.•>«»<>• 

',i|> , >. -"O r«*lOt-S4(.- tt 



-i |-i .ifi; ^ c ' 



(see description below) 



Description 

The general-purpose register (register 
pair In AmZ8001) designated by the Rs 
(0t 1^ llil^ of the Instruction contains 
iiMng- address of a byte tetote. 

The general-purpose register (register 
pair in AmZ8001 ) designated by the Rd 
(or RRd) field of the instruction contains 
the address of a byte string to be 
translated. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (in bytes) of the string 
remaining to be translated. 

A byte is read from the address specified 
by the Rd register. This byte is used as a 
table index and is added to the starting 
address of the table. The translated byte 
is read from this address, and Is loaded 
into the address specified by tie Rd 
register. 

The address specified by the Rd register 
Is decremented by one to point to the next 
byte of the string. The contents of the 
register designated by the Rc field of the 
instruction are decremented by one, to 
indicate the remaining length of the string 
to be translated. This completes one 
iteration. 

This instruction repeats until the contents 
of the Rc register reach zero, indicating 
that the string has been exhausted. This 
Irfstruction Is interruptible at the end of 
each Iteration. The contents of register 
RH1 are undefined following TRDRB. 

RO can be designated as the general- 
purpose source or destlr>atlon register. 



Flags 

c z 



S P/V DA H 



1 



Z: Undefined. 
P/V; Set to 1. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 



5-109 



TRI0, 



TUtB 



Mnemonic and Fbrm 

TRIB FMt, Rst. Rc 



IR m 



IR s 



1iOi1i1|1iOiOiO 


Rd 


0.0.0.0 


0,0.0,01 m 1 






TRIB RRdt, RRst, Rc 


1.0,1.1,1,0.0,0 


RRd 


OiO.O.O 


OiO.Oiil iBuJ 


RRs 





Cloeks 



.25 



.25 



Operation 

(see description bekxw) 



Description 

The general-purpose register (register 
pair in AmZ8001 ) designated by the Rs 
(or RRs) field Qf the Instruction contains 
the starting address of a byte table. 

The general-purpose register (register 
pair in AmZSOOl ) designated by the Rd 
(or RRd) field of the instruction contains 
the address of a byte string to be 
translated. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (in bytes) of the string 
renr,ainlng to be translated. 

A byte is read from the address specified 
by the Rd register. This byte is used as a 
table index and is added to the starting 
address of the table. The translated byte 
is read from this address, and is loaded 
into the address specified by the Rd 



The address specified by the Rd register 
is Incremented by one to point to the next 
byte of the string. The contents of the 
register designated by tf>e Rc field of the 
instruction are decremented by one, to 
indicate the remaining length of the string 
to be translaled. This complete one 
iteration. 

This instruction terminates after one 
Iteration. It is a special case of the 
instruction TRIRB. The contents of 
register RiH1 are undefined following 

TRIB. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

C Z 



P/V DA H 



Z: Undefined. 

P/V: Set to 1 If the result of decrementing Rc Is zero. Reset otherwise. 



- = Unaffected 
1 = Set 

= Cleared 

* = Conditional - see description 



S-210 



TRIRB 



TRIRB 



IR 



IR 



NS 



(H b1 'J 



Mnemonic siitf^RBiilfi 

TRIRB Rdt, Rsf, Rc 



1 lOi 1 1 1 


1,0,0,0 


Rd 


0,1,0,0 


0|0|0|0 


Rc 


Rs 




TRIRB RRdt, RRst, Rc 


1,0,1,1 


1 iO,OiO 


RRd 




OiOiOiO 


Rc 


ma 





Ciocto 



11 + 14n' 



ill + 14n* 



*n is ttie niMblr of rteratfoirs. 



Jr>|| InV' 1 ., .If ;|.. 

i -n lit/ &;* V. 



. . ■;. . .. -I -3 f 

'-•I' 'W'fi*>»i«ki ri- 

f-U - ' I ■ 1 'lit-., ■ ■ --H 



•ft* -Jl'V- 



Flags 



c 


z 


s 


P V 


DA 


H 








1 







Z: 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditlonai - see description 



description tielow) 



The general-purpose register (register 
pair in Am^OI) designated byttie Rs 
(sr HR^ iiid Qf the instruction contains 
(hfe sta^ng «ielress of a byte table. 

The general-purpose register (register 
pair in AmZSOOl) designated by the Rd 
(or RRd) field of the instruction contains 
the address of a byte string to be 
translated. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (In bytes) of the string 
remaining to be translated. 

A byte Is read from the address specified 
by the Rd register. This byte is used as a 
table Index and is added to the starting 
address of the table. The translated byte 
is read from this address, and is loaded 
into the address specified by the Rd 
register. 

The address specified by tfie Rd register 
is incremented by one to point to the next 
byte of the string. The contents of the 
register designated by ^ Rc field of the 
Instrudion are decremented by one, to 
indict ttie iwnaining length of the ^ng 
to beireAisiated. This completes one 
iteration. 

This Instruction repeats until the contents 
of the Rc register reach zero, Indicating 
that the string has been exhausted. This 
Instruction Is interruptible at the end of 
each iteration. The contents of register 
RH1 are undefined following TRIRB. 

RO can be designated as the general- 
purpose source or destination register. 



TRTDB 



T^NSLJ^&JME) TEST >byte 3B >i i a iiwur it 



TRTDB 



Version Mnemonic amfPsnn 

TRTDB RdT. Rst, Rc 



IR 



IR 



110111111101010 


Rd 


1iO,1iO 


OlOiOiOl Rc 


Ms. . 


i i O'l Qi O) 


TRTDB RRdt, RRsT, Rc 


I1O1I1I I1O1O1O 


RRd 


1 lO, 1 lO 




mm 





Qoeks 



25 



25 



v9 vr. tmi. 
"ic- lite. 



nl 



.f<, 



1 .-'vris. ' . . 



•; -ti - ^ : -jr. -J 

•-6 •OtATftr,)! 
' T ' ■itl.Jll)!* 



Operation 

(see description below) 



Description 

The general-purpose register (register 
pair in AmZ8001 ) designated by the Rs 
(or RRs) field of the instruction contains 

the starting address of a byte table. 

The general-purpose register (register 
pair in AmZ8001) designated t>y ttie Rd 
(or RRd) field of the instruction contains 
the address of a byte string to be 
translated and tested. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (in bytes) of the string 
remaining to be translated and tested. 

A byte Is read from the address specified 
by the Rd register. This byte is used as a 
table Index and Is added to the starting 
address of the table. The translated byte 
Is read from this address, and Is loaded 
into the general-purpose byte register 
RH1 for testing. 

The address specified by the Rd register 
is decremented by one to point to the next 
byte of the string. The contents of the 
register designated by the Rc field of the 
instruction are decremented by one, to 
indicate the remaining length of ttie string 
to be translated and tested. This 
completes one iteration. 

This instruction terminates after one 
iteration. It is a special case of the 

Instruction TRTDRB. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

C 



P;V DA H 



Z; Set to 1 If the translated byte Is zero. Reset otherwise. 

P/V: Set to 1 if the result of decrementing Rc is zero. Reset otherwise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 



5-212 



TRTDRB 



TIfrDPiB 



■mm- 
IR 

IR 



Vlarsten 



N6 



Mn9iTionlGrtflw^jRi00ffii 
TRTDRB Rdt, Rst, Rc 



1,0,1,1 


1 iO,OiO 


Rd 




1 1 1 


:fc 




1 1 9 1 * 1 


TRTDRB RRdT, RRsT, Rc 


1,0,1,1 


1 iO|0,0 


RRd 


1,1,1,0 


1 , , 


Rc 


RRs 


1|1|il,0 



11 + 14n* 



11 + 14n* 



*n is the number of iterations. 



it;- 11,1 . ^ . f ,40 lOrjfiSf.iA I I >|- 



»rrt ni!^-." 



not***' *S tr^i*?*/' 

(see description below) 



•J 



Description 

The general-purpose register (register 
pair in AmZSOOl) designated by the Rs 
(or fif^^ field of the instruction contains 
WiMl ieiirisss of a byte table. 

The general-purpose register (register 
pair in AmZSOOl ) designated by the Rd 
(or RI%1) field of the instruction contains 
the address of a byte string to be 
translated and tested. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (in bytes) of the string 
remaining to be translated and tested. 

A byte is read from the address specified 
by the Rd register. This byte is used as a 
table index and is added to the starting 
address of the table. The translated byte 
is read from this address, and is loaded 
into the general-purpose byte register 
RH1 for testing. 

The address specified by the Rd register 
Is decremented by one to point to the next 
byte of the string. The contents of the 
register designated by the Rc field of the 
instruction are decremented by one, to 
indicate the remaining length of the string 
to be translated and tested. This 
completes one iteration. 

The instruction repeats until the value 
loaded into the RH1 register is non-zero 
or until the contents of the Rc register 
reach zero, indicating that the string has 
been exhausted. This Instruction is 
Interruptible at the end of each Iteration. 

RO can be designated as the general- 
purpose source or destination register. 



Flags 

c z 



P/V DA 



- = Unaffected 
1 = Set 
= Cleared 
* = Conditional 



Z: Set to 1 if the translated byte is zero. Reset otherwise. 

P/V: Set to 1 if the result of decrementing Rc is zero. Reset othenwise. 



see description 



sma- 



TRTIB 



^ JBimATE AND T^Ti byla. 



Mold* 
IR 

IR 



Varalon 



NS 



Miwmonle and Perm 

TRTIB Rdt, Rst, Rc 



Cloein 



1 lOi 1 1 1 1 1 lOiOiO 


Rd 


O1O1I1O 


0,0, ©.fli life J 


P» 


OtOiOiO 


TRTIB RRdT, RRst, Rc 


1 iO,1 1 1 1 1 OiOiO 


RRd 


OlOi 1 lO 


0,0, OiO Re 1 


ARB 


QiOiOlO 



25 



^ '41 «n ' 



Operation 

(see description below) 



Description 

The general-purpose register (register 
pair In AmZSOOl ) designated by the Rs 
(or RRs) field of tfie instruction contains 
the starting address of a byte table. 

The general-purpose register (register 
pair in AmZSOOl ) designated by the Rd 
(or RRd) field of the instruction contains 
the address of a byte string to be 
translated and tested. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (in bytes) of the string 
remaining to be translated and tested. 

A byte Is read from the address specified 
by the Rd register. This byte Is used as a 
table index and Is added to the starting 
address of the table. The translated byte 
Is read from this address, and is loaded 
Into the general-purpose byte register 
RH1 for testing. 

The address specified t>y the Rd register 
is incremented by one to point to the next 
byte of the string. The contents of the 
register designated by the Rc field of the 
Instruction are decremented by one, to 
Indicate the remaining length of the string 
to be translated and tested. This 
completes one Iteration. 

This instruction terminates after one 
iteration. It is a special case of the 
instruction TRTIRB 

RO can t>e designated as the general- 
purpose source or destination register. 



Flags 

c z 



P/V DA 



Z: Set to 1 if the translated byte is zero. Reset otherwise. 

P/V: Set to 1 if the result of decrementing Rc Is zero. Reset othenvise. 



- Unaffected 
1 = Set 
= Cleared 
* = Ck>nditional - 



see description 



5-214 



TRTIRB 



.AND ?E®r''Si*" 



; iM^ncrefflM snd repeat 



TRTIRB 



Moito MNlOH 
IR N§ 

IR s 



Mnemonic and 

TRTIRB RdT, Rst, Rc 



1,0,1,1 


1 1 Oi Oi 


Rd 


Oi 1 1 1 1 








iiiilio: 


TRTIRB RRdt, RRst, Rc 


1,0,1,1 


1 lOiOiO 


RRd 


OililiO 


0, 0, 0, 


Rc 


RRs 


1|1|1,0 



Clocks 



11 + 14n* 



11 + 14n* 



*n Is the number of Iterations. 



rieti r! ii<i ■ 

!: . (; -lift '-l.. 



I, en '^''-AV n.Tftf iM .;: 



(see description below) 



^ id 

The general-purpose register (register 
pair in AmZ8001 ) designated by the Rs 
(or RRs) field of the instruction contains 
the starting address of a byte table. 

The general-purpose register (register 
pair in AmZ8001) designated by the Rd 
(or RRd) field of the instruction contains 
the address of a byte string to be 
translated and tested. 

The general-purpose register designated 
by the Rc field of the instruction contains 
the length (in bytes) of the string 
refriaiin^|^:^^nblated add tasted. 

A byte Is read from the address specified 
by the Rd register. This byte Is used as a 
table index and is added to the starting 
address Of the table. The translated byte 
Is read from this address and Is loaded 
into the general-purpose byte register 
RH1 for testing. 

The address specified by the Rd field Is 
incremented by one to point to the next 
byte of the string. The contents of the 
register designated by the Rc field of the 
Instruction are decremented by one, to 
indicate the remaining length of the string 
to be translated and tested. This 
completes one iteration. 

This instruction repeats until the value 
loaded into the RHI register is non-zero, 
or until the contents of the Rc register 
reach zero, indicating that the string has 
been exhausted. This instruction is 
interruptible at the end of each iteration. 

RC can be designated as the general- 
purpose source or de^mtion register. 



Flags 

C Z S P/V DA H 





* 







Z: Set to 1 if the table entry is zero. Reset otherwise. 

P/V: Set to 1 If the result of decffaffnting RcJs jesg. Reset other\srise. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 



TSET 



TSET 



Mode 



IR 
IR 

DA 
DA 

DA 



Clocks 



Version Mnemonic and Form' ' " 

TSET Rd 

R NS, S Ili0i0i0i1i1i0il| Rd |0|1|1|0| 7 



MS 



SSO 



SLO 



NS 



SSO 



SLO 



TSET Rdf 



TSET RRdT 

I OlOlO lOi 1 I 1 lOi 1 I RRd |0 1 1 1 1 jOl 11 



OiiiOiOiiiiiOjilOiOiOiOlOiiiiTo 



ADDRESS 



TSET LABSSO 






1,0,0,1,1,0,1 


0,OiO,0|Oj1,1jO 





SEGMENT 


OFFSET 


TSET LABEL 





1,0,0,1,1,0,1 


OiOiCOlO, 1,1,0 


1 


■■ SEeMENT 




OFFSET 



TSEt LABEL (Rx) 

' Oi 1 iQ, 0, 1 , 1 I 0i 1 I Rx^ I Oi 1 1 1 lO 



ADDRESS 



TSET LABSSO (Rx) 






1,0,0,1,1,0,1 


Rx »^ 1 , 1 , 1 , 





SEGMENT 


OFFSET 


TSET LABEL (Rx) 





1,0,0,1,1,0,1 


Rx ?^ 1 1 1 , 1 1 


1 


SEGMENT 




' '-^^Wh*r*-^ ' 



14 



15 



17 



15 



15 



18 



(}peftitlon 

If dst<0:15><-is negative, 
then S flag«-1; 
ethewi?© S flaa*-'0. 

dst<0:15><-FFFF 



Descriptloh 

The nnost significant (sign) bit of the 
destination word Is loaded into the S flag. 
The contents of the destination are then 
set to all ones. The destination Is 
determined tjy the applicable addressing 
mode. 

In the IR mode, RO (or RRO) can be 
designated as the general-purpose 
destination register. 



Flags 

C Z S P/V DA 



S: Set to 1 If the most significant bit of the destination is one. Reset otherwise. 



- = Unaffected 
1 = Set 
= Cleared 
♦ = Conditional 



see description 
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TSETB 



TSETB 



Mode 
R 



Version 

NS. S 



IR 

IR 



NS 



SLO 



Mnemonic and Form Clocks 

TSETB Rbd 

Ili0j0i0i1|1i0i0l Rbd |0i1|17q1 7 



TSETB RdT 1 

l:i..Q.Oi0.i.i.Qi&l m lo.t.i.dl 

TSETB RRdT 

|OiOiOiOi1i1iOiO| RRd I I 1 I 1 I I 

TSETB LABEL 



OiiiOiOiiiiiOiOlOiOiOiOloiiiT7o 



ADDRESS 



TSETB LABSSO 



& 


-IbOalOl ti l lOlO 


1 0.1 1 1 , 1 1 1 1 





S^MENT 


OFFSET 


TSETB LABEL 





liOiOililiOiO 


OiOiOiO Oi1i1iO 


1 


SEGMENT 


^^^^^ 


OFFSET 



TSETB LABEL (Rx) 



1 1 I 1 1 1 I 1 I I I Rx ^ . 



ADDRESS 



TSETB LABSSO (Rx) 






1 lOiO, 1 1 1 ,0,0 


Rx ^ 1 1 1 1 1 i 





SEGMENT 


OFFSET 


TSETB LABEL (Rx) 





1,0,0,1,1,0,0 


Rx ^ 1 1 1 1 1 1 


1 


SEGMENT 




OFFSET : 



11 



11 



14 



15 



17 



IS 



15 



18 



Operation 

If dst<0:7> is n, 
then S flag<-1; 
ottienwise S flag<-0. 

dst<0:7>«-FF 



Description 

The most significant (sign) bit of the 
destination byte is loaded into the S flag. 
The contents of the destination are then 
set to all ones. The destination is 
determined by the applicabl^j addressing 
mode. 

In the IR mode, RO (and RRO) can be 
designated as the general-purpose 



Flags 

C Z S P/V DA H S; Set to 1 if the most significant bit of the destination is 1 . Reset otherwise. 

- - * - 'J.' ' 



— = Unedfe^ed 

1 = Set 

= Cleaisd 

* = Condiflenail - see descr^Mion ■ ^itotK 



XOR 



XOR 



"I 
IM 

IR 

IR 

DA 



Version Mnemonic and Form 
XO R Rd, Rs 

m,s 



NS, S 

NS 

S 

NS 



DA 



DH"'-*'^<*Sa^'- 



SLO 



NS 



SSO 



SLO 



li 1 1 1 1 1 #jiQ ■ A } 4 . m 

XOR Rd, IM 



Clocks 
4 



OiOiOiOi 1 I OiOi 1 I OiOiOiOl Rd" 



OPERAND 



XORRd^ Rjft i - - 



XOR Rd, RRsT 

I0i0i0i0i1i0i0il| RRs ^ I Rd 

XOR Rd, LABEL 



0i1i0i0i1i0i0il|0i0i0i0l Rd 



ADDRESS 



XOR Rd. LABSSO 






1 lOiOi 1 lOiOi 1 


0,0 


1 1 Rd 





SEGMENT 


OFFSET 


XOR Rd, LABEL 





1,0,0,1,0,0,1 


0,0 


, 1 Rd 


1 


SEGMENT 






OFFSET 





XOR Rd. LABEL (Rx) 

Oi 1 lOiOi 1 lOiOi 1 I Rxa^O I Rd" 



ADDRESS 



XOR Rd, LABSSO (Rx) 



10 



12 



10 






1,0,0,1,0,0,1 


Rx 5^ 1 Rd 


10 





SEGMENT 


OFFSET . 


XOR Rd, LABEL (Rx) 









1,0,0,1,0,0,1 


Rx it ( Rd 




1 


SEGMENT 




13 


OFFSET 





Operation 

Rd<0:15>«'^<0:15> 9 Rd<0:15> 



Description 

A logical EXCLUSIVE OR operation is 
performed between corresponding bits of 
the source and destination words. The 
source operand is obtained by the 
appropriate addressing mode, and the 
destination operand Is always a 
general-purpose word register designated 
by the Rd field of the instruction. The 
16-bit result is loaded Into the 
destination, whose original contents are 
lost. The contents of the source are not 
altered. 



Flags 

Z 



P/V DA. H 



Z: Set to 1 if the result is zero. Reset otherwise. 
S: Set to 1 if the result Is negative. Reset otherwise. 



~ = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 
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XORB 



EXCLUSIVE 




XORB 



Mode 

R 

M 

IR 
IR 

DA 
DA 

DA 



Veriion 

NS. S 
MS. S 
NS 



NS 



SSO 



SLO 



NS 



SLO 



MrMmonic and Form 

XORB Rbd, Rbs 



Clocks 



1 


0|0|0|1 lOiOi 





Rbs 1 


Rbd 


4 


XORB Rbd, 1Mb 











OlOiOi 1 |0|0| 





OiOiOiOl 


Rbd 


7 


7 


OPERAND 





7 OPERAND 


XORB Rbd, Rsf 










OiOtOiQi 1 lOiOt 





RS # 1 


l%d 


7 


XORB Rbd, RRst 













1 1 1 1 1 1 





RRs # 1 


Rbd 


7 


XORB Rbd, LABEL 













1 lOi Oi 1 |0| 





0|0|0,0| 


Rbd 


9 


ADDRESS 


XORB Rbd, LABSSO 











1 1 Old 1 lOiO 





OlOiOiOl 


Rbd 


1® 





SEGMENT 


OFFSET 


XORB Rbd, LABEL 













1 1 Oi Oi 1 1 0, 







F^d 




1 


SEGMENT 








OFFSET 




XORB Rbd, LABEL (Rx 











1 |0|O|1 iO|0 





Rx 7t 1 


fm 


10 


ADDRESS 


XORB Rbd, LABSSO (Rx) 









1 lOiOil |0|0 





Rx # 1 


Rbd 


10 





SEGMENT 


OFFSET 


XORB Rbd, LABEL (Rx 











1 1 Oi 0| 1 1 0| 





Rx # 


Rbd 




1 


SEGMENT 




13 


OFFSET 





Rbd<0:75>*-^»S<0if S» © Rbd<0:7> 



at):, r-,1 



A logical EXCLUSIVE OR operation is 
performed between corresponding bits of 
the source and destination bytes. The 
souce operand is obtained by the 
appropriate addressing mode, and the 
destination operand is always a 
general-purpose byte register designated 
by the Rbd field of the instruction. The 
8-bit result is loaded into the destination, 
whose original contents are lost. The 
contend of the sourcs are not altered. 



Flags 

C Z 



P/V DA H 



Z: Set to 1 if the result is zero. Reset otherwise. 
S: Set to 1 If the result is n^atfve. Reset Qtherarise. 
P/V: Set to 1 if parity of result is ©yen. Reset otheFwise. 



- = Unatfeeted 
1 = Set 
= Cleared 
* B CondHlMt^i 



see description 
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I 



5.8 EXTENDED PROCESSING INSTRUCTIONS 

The following pages include "templates" for tfie AmZ8001 and 
Am?8002 extended processing instructions. These templates 
correspond to Extended Processing Architecture (EPA) instruc- 
tions, which combine Extended Processing Unit (EPU) o^pera- 
tions with possible transfers between memory and an EPU, bet- 
ween CPU registers £ind EPU registers, and between the flag 
byte of the CPU's FCW and the EPU. 

Each of these templates is described on the following pages. The 
description assumes that the EPE control bit in the CPU's FCW 
haslbeefiagtto f . tn addition, the descripttmiilM'IMpiiCW' 



view of the CPU - that is, only CPU activities are described; the 
operation of the EPU is implied, but the full specification of the 
instruction depends upon the implementation of the EPU and is 
bd^sM the scope of this manual. 

Relds ignored by the CPU are shaded in the diagrams of the 
templates. The 2-blt field In bit positions and 1 of the first word of 
each template would normally be used Ets an identification field for 
selecting one of up to four EPUs in a multiple EPU system 
configuration. Other shaded fields would typically contain op- 
codes for instructing an EPU as to the operation it is to perform in 
-addition tei ttie>d{Aa> transfer specified by the template. 



r tag i 



sr 



t.v 'J( iff; *.\b 



or 
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Mode Version Mnemonic and Form 



NS 



IR 

IR s 

NS 

DA sso 

DA ■^•'*> WL® ■ 

X NS 

X sso 

X SLO 



,s>iM..i.aj..?..i.uj.i.i.L.^ii?t.?... 






n - 1 




O1O1O1O1I1I1I1II RRd * 


1 1 1 ^-r^^^: 




n - 1 





1 1 1 ^ggS 




h - i 


ADDRESS _. - 



Oi1|0|0|1|1i1il|OjO|0|0 






n - 1 


lF"^iHHiT '1 OFFSET 



0|1iO)0|1j1|1jl|OiO|0|0 






n - 1 


1 1 SEGMENT EiSSSSSS 




OFFSET . 



Oi1iOiOi1|1|1|l| Rx*=0 


1 amm. 






ADDRESS 



Oi 1 [OiO, 1 1 1 , 1 1 1 


Rx ?t 


1 , 1 mm 






n - 1 


1| Se(aBiNT 1 OFFSET 



Oj1|0|0,1|1|1|l[ Rx#0 






n - 1 


1 1 SEGMENT fe^^^^ 




OFFSET 



Clocl(s 



11 + 3n 



11 + 3n 



■tS.* 3n 



15 + 3n 



18 + 3n 

1, 



14 + 3n 



15 + 3n 



17 + 3n 



Operation 

memory «- EPU 



Deaertptlori 

The CPU performs the indicated address 
calculation and generates n EPU memory 
write transactions. The n words are 
supplied by an EPU and are stored in n 
consecutive memory locations starting 
with the effective address. 



Flags 

C Z 



S PA/ DA H 



Flags are not affected 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 
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This is an EXTENDED instruction. 



Mode 

IR 

IR 
DA 

DA 
DA 



Version Mnemonic and Form 



MS 



NS 



SLO 



NS 



SSO 



OiOiOiOi1i1i1]ll Rs^O 


1 1 NwS: 




ft - t 




OiO|0^0| 1 ^1 J 1 ^1 ) RRs 


1 1 MM 




n - 1 



0,1^0iOi1i1i1|l|OiOiOiO 


Oil mm 




n - 1 


ADDRESS 



0^1|0[0|1|1|1i1|0|0|0|0 






n - 1 


>0.| SEaMMi, QfpET . 



Oj 1 1 0| 0| 1 J 1 1 1 j 1 1 Oj 0^0 1 






n - 1 


1 1 SEGMENT t:gS::::iS!::S? 




QFjESiT ^ 




Oj 1 ^Oj ^ 1 1 1 J 1 1 1 1 Bx* 


, 1 teSSy 




n - 1 


ADDRESS 




0|1|0|0|1|1|1|1| Rxi^O 


1 1 \m& 




n - 1 


1 SEGMENT , 1 OFFSET 




0^1iO^O|1^1|1|l| Rx^O 


1 1 mm 




n - 1 


1 1 SEGMENT pSiSSSSigggmS^^ 


OFFSET 



Clocks 



11 + 3n 



11 + 3a 



15 + 3n 



15 + 3n 



18 + 3n 



14 + 3n 



15 + 3n 



17 + 3n 



OpenMon 

EPU memory 



Description 

The CPU performs the indicated address 
calculation and generates n EPU memory 
read transactions. The n consecutive 
words are felehed^fom the memory 
locations starting with the effective 
address. The data is read by an EPU and 
operated upon according to the extended 
processing instruction encoded Into the 
shaded fields. 



Flags 

C Z S P/V DA H 



Flags are not :MtettSd 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditional - see description 
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Tlilis is an EXTENDED instruction. 



Mode 
R 



Version Mnemonic and Form 



NS, S 



.31/1. 



notlclwtiiff. 



Clocks 



1 lOjOiOj 1 


1 1 1 1 1 


0^ 




,1,0^ 




sre 









i^W^si^U registers 



The contents of n words are transferred to 
an EPU from consecutive CPU registers 
starting with register src. CPU registers 
are transferred consecutively, with 
regster zero foiiowing register 1 5. 



Flags 

C Z S P/V DA H 



- = Unaffected 
1 = Set 
= Cieai^^ 

* = Condttf r#l - see description 



Fiags are f»l sdteetiHii 



This is an EXTENDED instruction. 



Mode 



R 



Version Mflemonlc and Form 



Clocks 



.14 



■.5 I 



Operation 

EPU <- flags 



Description 

The flags in the CPU's FCW are 
transferred to an EPU on address data 
lines ADq-ADj. 



Flags 

C Z 



P/V DA 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional - see description 



Ms is an EXTENDED instruction. 



R 



IMraion Mnemonic and Form 



Clocks 



~ II1O1O1O1I1I1I1O fe^^^^^ 1 1 



t'lttll fkf -0'- '1 tOf'^Hlr ^13 ft.- 1 

■ Ij* 1 .^r 1:1:1 ! f'ttrl* ■ . ;f '>l 

. I -Til l r-MIH>-.. f» 



Flags 

C Z S P/V DA H 



Operation 

internal EPU operation 



The CPU treats this as a No Op. it is 
typically used to initiate an internal EPU 
operation. 



Rags are not affected. 



- = Unaffected 
1 = Set 
= Cleared 

* = CorKMonal ' see description 
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L0AO CPUiRjfti'B^ 



This M'an iXTENDEDMrucHion. 



Version Mnemonic and Form 



N8 , S 



1IOIOIOI1I1I1I1 




MMA dst' 


n- 1 



Clocks 



3n 



Operation 

CPU 4- EPU registers 



Description 

The contents of n words are transferred 
from an EPU to consecutive CPU 
registers starting with register dst. CPU 
registers are transferred consecutively, 
with register lero taHowIng register IS. 



Flags 

C Z S P/V DA H 



Flags are not affected. 



- = Unaffected 

1 = Set 

= Cleared 

* = Conditional 



see description 
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I 



LOAD FCW ftomEPU 
This is an EXTENDED inslOK^. 



Vantttn Mnemonic and Form 



NS, S 



14 



-EPU 



The flags in tdft CPU!!s FCW are loaded 
with inform^an fraw an EPU on address 
lines AD0-AD7. 

The contents of CPU register zero are 
undefined after IhemimMm of this 
instruction. 



Flags 

c z 



P'V DA 



See description. 



- = Unaffected 
1 = Set 
= Cleared 

* = Conditioncil - see description 
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CLEAR, EXCHAI<«iC ANOiOAO A- 2 

ARITHMETIC ^ A- 7 

LOGICAL f-QY'-i- - V* - • • ■ - • • ■-• ■ . A-10 

ROTATE AND SHIFT : , A-12 

BIT MANIPULATIiW . , .,r jt. , ■ • A-14 

COMPARE : : . . : "'^ . ;. : .; : , . . ., v|. a-16 

TRANSLATE ^ ^. A-18 

INPUT/OUTPUT 'A J: hi .1. A-19 

PROGRAM CONTROL A-22 

CPU CONTROL ..iX; A-24 
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0000 
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0000 
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0000 
0000 
0000 
0000 
0000 
0000 
0000 
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0000 
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0000 
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0000 
0000 
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0000 
0000 
0000 
0000 
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0000 
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4300 
4300 
4300 
4300 
4300 
4300 
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PROaiUyi INSTRUCTIONSf 

% 

TITLE "AmZSOOa INSTRlBCtl<3^ SET'; 
% 

% This program assembles the full set of 
% AmZ8002 nonsegmented instructions, using 
% each possible opcode and addressing mode 
% combination. More tbai^ 40Q combinations 

mimt. 

% 

% The possible addressing modes for a given 

% instruction are shown in order and with 
% consistent values for the purpose of these 
% 



.it/ 



% THE VALUES ARE 
% 

% (IM) 

% 

■%■ 
% 

% (IR) 
% 

t ■ (DA) 
% 

% (RA) 
% 

I. (X) 
% 

% . (BA) 
% 

t (BX) 

.1 . 

% (PA) 
% 

* (PR) 
% 



IMMEDIATE 



. . . OAOj . 
INDIRECT REGISTER 
DIRECT ADDRESS 

RELATIVE ADDRESS 
INDEXED 
BASE ADDRESS 
BASE INDEXED 
PORT ADDRESS 
PORT REGISTER 



RH4, 

R4, 

RR4 

R2" 

LAB 

LAB?. 
LAB (Rl) 
R2' (20) 
R2" (Rl) 
#0FC0 
R13 



ORIGIN #4300; 
PAGE 51; 



% LAB: 
% 

INSTRUCTIONS: 
% 

EJECT; 



Defined for (DA) and (X) operands 
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CLEAR, EXCHANGE, AND LOAD if'M- 



4300 






TITLE 


'CLEAR, 


EXCHANGE, AND 


LOAD ' ; 




4300 






% 








t' t\ i 




4300 






% CLEAR 












4 300 






% 












4300 


8C48 




LAB : 


CLRB 


RH4 ■ 






rl\JUL* 


4302 


0C28 






CLRB 


R2~ ; 


ft 


f TR ^ 

\ } 


MODE 


4304 


4008 


4300 




OLRB 


LAB; 


% 




MODE 


4308 






CLRB''-;,' 


LKftfflZ) ; 


ft 




MODE 


4 300 I 






% 


I.. 










430CI 


■mm 






CLR ^ 


R4; 


ft 


(R) 


MODE 


4 3l)Ei 1 . 








CLR- 


R2*; 


% 


( IR) 




4316 


4B08 


436© 






LAB ; 


ft 


(nA \ 

\unj 




4314 


4D18 


4360 




OX*R . i ^ 


LAB(Rl) ; 


ft 


I*; 


MODE 


4318 






% 












4318 : 




% 












4318 






% EXCHANGE 










4318 






ft 












4318 


AT A 






EXB 




% 


(R) 




431A 






• • • V 


EXB 


RH6,R2"; 




( IR) 


1 l\JUCt 


4310 


ocub 




'■ 


EXB 


RH6,LAB; 
RH6,LAB(R1) ; 


a 






4320 


ezr* 1 £r 






EXB 


ft 




MODE 


4324 














4324 


nUH ©! 






EX 1 


Rfi,R4; 






MODE 


4326 








EX 


R6,R2~; 


% 


f TR 1 


MODE 


4328 


crvnf: 






EX 


R6,LAB; 


% 


fDA^ 


MODE 


4J2C 


6P16 


439& 




EX 


R6,yMi{RX); 


ft 


mh 




4 330 






% 








4 330 






% 












4 3 30 






% LOAD 


TO REGISTER 








4330 






% 












4330 


C605 






LDB 


RH6, 5; 




/ T M ^ 


MODE 


4332 


A046 






LDB 


RH6,RH4; 


Q. 
fi 


(R) 


M nnp 
ri uu Cj 


4334 


2026 






LDB 


RH6,R2~; 




I IK; 




4336 


6006 


4300 : 




LDB 


RH6,LAB; 


% 


(DA) 




4 3 3A 


6016 


4300 




LOB 


RN6,LA&(R1); 
Rl«,»t*(20); 


% 


(X) 




4 3 3E 


3026 


0014 




LDB 


a 


{aPi) 




4342 


7026 


0100 




LDB jI. 


ia!t,R2"(Rl) ; 




(BX) 


Mnnp 


4346 






« 










434i®|.: 


mm 


©ii9S 




LD - I 


R6,5; 


a 
^ 


^ TM \ 


MODE 


434A' • 


•ftl46 






LD 


R6 , R4 ; 


% 


(R) 




434C 


2126 






LD 


R6,R2"; 


% 


(IR) 


MODE 


434E 


6106 


4300 




LD 


R6 , LAB; 


% 


(DA) 


MODE 


4352 


6116 


4300 




LD 


R6,LAB(R1) ; 


% 


(X) 


MODE 


4356 


3126 


0014 




LD 


R6,R2" (20) ; 


% 


(BA) 


MODE 


4 3 5A 


7im 


§100 




LD vj, 


% 


(BX) 


MODE 


435E 






% 








435E; 


1 .'ioe 


0000 0005 




LDL 


RR6, 5; 


% 


(IM) 


MODE 


4364 


9446 






LDL 


RR6,RR4; 


% 


(R) 


MODE 


4366 


1426 






LDL 


RR6,R2''; 


% 


(IR) 


MODE 


4368 


5406 


4300 




LDL 


RR6 , LAB ; 


% 


(DA) 


MODE 


43m 


5416 


4300 




LDL 


RR6,LAB(R1) ; 


% 


(X) 


MODE 
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4370 


3526 


0014 






,LD£ 


RR6,R2'' (20) ; 


% 


(BA) 


MODE 


4374 


7526 


0100 






LDL 


RR6,R2"iRl|| 


% 


(BX) 


MODE 


4378 








% 










4378 








% 












4378 








% LOAD 


TO MEMORY 








4378 








% 












4378 


2E26 








LDB 


R2" ,RH6; 


% 


(IR) 


MODE 


437A 


6E06 


4300 




\' iy 


LDB 


LAB , RH6 ; 


% 


(DA) 


MODE 


437E 


6E16 


4300 






LDB 


LAB f R 1 1 RHfi ■ 


% 


(X) 


MODE 


4382 


3226 


0014 






LDB 


R2" f 201 .RH6- 


% 


(BA) 


MODE 


4386 


7226 


01-00 






LDB • . 




% 


(BX) 


MODE- 


438A : 








% •, n/. • 










438A 


2F26 






.{>-,-' 


LD 


R?' R6 • 


% 


(IR) 


MODE 


4380 


6F06 


4300 






LD 


LAB,R6; 


% 


CDA) 


MODE 


4390 


6F16 


4300 






LD 


LAB (Rl) , R6; 


% 


(X) 


MODE 


4394 


3 3 26 


0014 






T n 


R 9 " /■ 9 n ^ 15 • 


% 


(BA) 


MODE 


4398 


7326 


0100 








K z {HI/} f mm,i 




^ DA ; 


MODE 


439C 








% 












439C 


1D26 








r r\ r 
L U L 


R2 , RR6 ; 


% 


( I R ) 


MODE 


4 39E 


5D06 


4 30 






LDL 


LAB , RR6 ; 


a 
* 






4 3A2 


5D16 


4300 








L.AD ^ K 1 j , KKt) ; 


% 


ex \ 


MODE 


43A6 


3726 


0014 






T r^r 

LjULm 


KZ \ ZU ; / KnO ; 


% 




MODE 


4 3AA 


7726 


0100 






LDL 


R2 (Rl) ,RR6; 








43AE 








;4 - . ' ■ 












4 3AE 




■ 




^1S" • ' 












4 3 AS 01, 


;4 i 


















4BAE 








% 












4 3AE 


0O25 


50 5 






LD8 


R2 ,5; 


St 


f T R ^ 


J'l U Ci 


43B2 


4C05 


4300 


50 5 




LDB 


LAB , 5 ;i 

r R D ^ D It- \ £ a 

LAd ( KX 7 , 




\ "J" I 




4388 


4C15 


4300 


0505 






% 


(X) 


MODE 


43BE 








% 










4 3BE 


0D25 


0005 








R 2 , b ; 


% 


(IR) 


MODE 


4 3C2 


4D05 


4300 


OCO 5 




T n 


TAR R • 




f DA ^ 


MODE 


4 308 


4D15 


4300 


0005 




LD 


LAB (Rl) , 5; 


'% 


( X ) 


MODE 


4 3CE 








% 












430E 








% 












4 3CE 






> > 


1 %.1,0AD 


ADDRESS 










43CE 








f 












4 30E' 


2108 


4 300 






LD 


R11,'LAB; 


% 


(DA) 


MODE 


4302 


761B 


4300 






LD 


R11,"LAB(R1) ; 


% 


(X) 


MODE 


43D6 


342B 


0014 






LD 


Rll,- (R2' (20) ) ; 


% 


(BA) 


MODE 


4 3 DA 


7428 


0100 






LD 


Rll," (R2' (Rl) ) ; 


% 


(BX) 


MODE 


43DE 








% 










43DE 








% 












43DE 






; t 1 ^ % LOA0 


CONS TAW 










43DE 








% 












43DE 


BD48 








LDK 


R4,8; 


% 


(R) 


MODE 


43E0 








% 










43E0 










EJECT; 











MACROS 


000 : 




Version 
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Page 4 


MACZ 


B:CODES L P 














CLEAR, 


EXCHANGE, 


AND 


LOAD 










43E0 








% 










43E0 








S I % 


L0;^» , REifcATslVE TO REGISTER 








43E0 








% 










43E0 


3006 


FFIC 






LDRB RH6,LAB; 


% 


(RA) 


MODE 


43E4 


3106 


FF18 






LDR R6,LAB; 


% 


(RA) 


MODE 


43E8 


3506 


FF14 






LDRL RR6,LAB; 


% 


(RA) 


MODE 


43EC 








% 








43EC 








% 










43EC 








% 


LOAD RELATIVE TO MEMORY 








43EC 








% 










43EC 


320.6 


FFIO 






LDRB LAB,RH6; 


% 


(RA) 


MODE 


43P0 


3306 


tmc 






LDR LAB 1 16; 


% 


(RA) 


MODE 


43F4 


3706 


FF08 






LDRL LAB,RR6; 


% 


(lAI 


MODE 


43F8 








% 








43F8 








% 










43P8 








%LOAD ADDRESS RELATIVE 








4 3F8 


















43F8 


340B 


FF04 






LDR R11,'LAB; 


% 


(RA) 


MODE 


43FC 








a 
t> 








43FC 








ft 
« 










4 3FC 








% 










4 3 PC 








% 










43FC 


1021 


0805 






LDM Rfi R7~ 6- 


% 


(IR) 


MODE 


4400 


5C01 


0805 


4300 




LDM R8 , LAB , 6 ; 


% 


(DA) 


MODE 


4406 


5C11 


0805 


4300 




LDM R8,LAB(RI),6; 


% 


(X) 


MODE 


440C 








% 










440C 








% 










440G 








% 


LOAD MULTIPLE TO MEMORY 








440C 








% 










440C 


1C29 


0805 






LDM R2",R8,6; 


% 


(IR) 


MODE 


4410 


5C09 


0805 


4300 




LDM LAB , R8 , 6 ; 


% 


(DA) 


MODE 


4416 


5C19 


0805 


4300 




LOM LAB(RI) ,R8,6; 


% 


m 


MODE 


441C 








% 








441C 








% 










441C 








% 


LOAD AND DECREMENT 








441C 








% 










441C 


BA29 


0988 






LDDB R8',R2",R9; 


% 


(IR) 


MODE 


4420 


BB29 








LDD R8" ,R2'',R9; 


% 


(IR) 


MODE 


4424 








% 








4424 








% 










4424 








1 


L0AD, DmCREMEMT, AMP ilflAf 








4424 








% 










4424 


BA29 


098O 






LDDRl R8",R2",R9; 


% 


(IR) 


MODE 


4428 


BB29 


0980 






ISm R8~ ,R2'' ,R9; 


% 


(IR) 


MODE 


442C 








% 






442C 








% 










4 4 2C 








% 


LOAD AND INCREMENT 








4 4 2C 








% 










4 4 2C 


BA21 


0988 






LDIB R8",R2",R9; 


% 


(IR) 


MODE 


4430 


BB21 


0988 






LDI R8",R2",R9; 


% 


(IR) 


MODE 


4434 








% 
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P 










jCLEJIR, iXCHANGB, 


AMD LOAD 










4434 


% 








r 


4434 


% LOA§, 




REPEAT 






4434 


% 












4434 BA21 0980 




LUiKB KB ,Kz 


,R9; 


% C IR) 


MODE 




4438 BB21 0980 




LDIR R8",R2" 


,R9; 


% (IR) 


MODE 




443C 












443C 




EJECT; 




































;■! : 


















• i 




























f 




































•1 • t 






u . 












•• ; 























•ft'.! J 












r. , ' -1 . ■ 






































■ 
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44 3€ 






443C 






443C 






443C 






443C 


97C4 




443E 


17C2 




4440 


57C0 


4300 


4444 


57C1 


4300 


4448 






4448 






444A 


15C2 




444C 


55C0 


4300 


4450 


55C1 


4'itt 


4454 






4454 






4454 






4454 






4454 


0DC9 


0005 


4458 


93C4 


if 


445A 


13C2 




445C 


53C0 


4300 


4460 


53C1 


4300 


4464 






4464 


91C4 




4466 


11C2 




4468 


51C0 


430O 


446C 


51C1 


4300 


4470 






4470 







TITLE 
% 

% POP 
% 



•STACK 



% 

% 



L5! 



POP 


R4,R12"; 


% 


(R) 


MODE 


POP 


R2",R12''; 


% 


(IR) 


MODE 


POP 


LAB,R12~; 


% 


(DA) 


MODE 


POP 




% 


im 


MODE 




RR4,R12''; 


% 


fi) 


MODE 


POPL 


R2" ,R12''; 


>% 


(IR) 


MODE 


POPL 


LAB,R12"; 


% 


(DA) 


MODE 




LAB(Rl) ,R12"; 


% 


(X) 


MODE 






.' r 


tiO' 




PUSH 


R12'",5; 


% 


(IM) 


MODE 


PUSH 


R12' ,R4; 


% 


(R) 


MODE 


PUSH 


R12" ,R2"; 


% 


(IR) 


MODE 


PUSH 


R12'' , LAB; 


% 


(DA) 


MODE 


PUSH 


R12~ , LAB (Rl) ; 


% 


(X) 


MODE 


PUSHL 


R12",RR4; 


% 


(R) 


MODE 


PUSHL 


R12'' ,R2~; 


% 


(tR) 


MODE 


PUSHL 


R12",LAB; 


% 


(DA) 


MODE 


pushl' 


R12",LAB(R1) ; 


% 


(X) , 


MODE 


EJECT; 
















r , ■ 
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ARItKWETIC 



4470 






TITLE 


'ARITHMETIC ; 








4470 




















4470 








Ann 


WITH CARRY 








4470 






% 














4470 


B446 








AUt-p 


KUo , KH4; 


% 


(R) 


MODE 


4472 


B546 








AUl, 


Kb , K4 ; 


% 


(R) 


MODE 


4474 






V ft 












4474 


. 








r- 










j4474 








nUU 




V 








4474 






• * 














4474 


0006 


0505 


. ** T 




ADDB 


RH6, 5; 


% 


( IM) 


MODE 


4478 


8046 








ADDB 


RH6 , RH4 ; 


% 


(R) 


MODE 


447A 


0026 






': A 


ADDB 


RH6 , R2" ; 


% 


( IR ) 


MODE 


447C 


4006 


4300 






ADDB 


RH6, LAB; 








4480 


4016 


4300 






ADDB 


RH6,LAB(R1) ; 


% 


(X) 


MODE 


4484 






% 














4484 


0106 


0005 






ADD 


R6,5; 


% 




MODE 


4488 


8146 








ADD 


R6 , R4 ; 


ft 




..MODE 


448A 


0126 








ADD 


R6,R2~; 


% 


f IRI 


MODE 


448C 


4106 


4300 






ADD 


R6 , LAB ; 


% 


f DAI 


MODE 


4490 


4116 


4300 






ADD 


R6 , LAB (Rl) ; 


% 


f X ) 


MODE 


4494 






% 














4494 


1606 


0000 


0005 




ADDL 


RR6, 5; 




( T M\ 
\ 1 .1 J 


I'l VJ Ci 


449A 


9646 




; ' 2>f . 




ADDL 


RR6 , RR4 ; 


% 


CR 1 


MODE 


449C 


1626 






] ADDL 


RR6 , R2* ; 


% 


f T R 1 


MODE 


449E 


5606 


4300 


- 1 /\ J 


'S, 

' f 


'1 ADDL 


RR6,LAB; 




V ) 




4 4A2 


5616 


4300 


M a ( J 


' ADDL 


RR6, LAB (Rl) ; 


St 




I IwUEj 


4 4A6 






% 














4 d A 






% 














4 4 A6 






% 


DECIMAL ADJUST BYTE 








44A6 






% 














44A6 


8040 








DAB 


RH4; 


a 




Mnnp 


;44A8 






% 












^4A8 






% 














44A8 






% 


DECREMENT 










44A8 




















44A8 


AA4B 








DECB 


RH4, 12; 


% 


(R) 


MODE 


44AA 


2A2B 








DECB 


R2", 12; 


% 


(IR) 


MODE 


44AC 


6A0B 


4300 






DECB 


LAB ,12; 


% 


(DA) 


MODE 


44B0 


6A1B 


4300 






DECB 


LAB (Rl) ,12; 


% 


(X) 


MODE 


44B4 






% 














44B4 


AB4B 








DEC 


R4, 12; 


% 


(R) 


MODE 


44B6 


2B2B 








DEC 


R2' ,12; 


% 


(IR) 


MODE 


44B8 


6B0B 


4300 






DEC 


LAB, 12; 


% 


(DA) 


MODE 


44BC 


6B1B 


4300 






DEC 


LAB(Rl) ,12; 


% 


(•X) 


MODE 


44C0 






% 














44C0 










EJECT; 
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ARITHMETIC , .' 



44C0 








% 










44C0 








% DIVIDE 


$ 








44C0 








% 










44C0 


IB 08 


0O0 5 




DIV 


RR8 , 5; 


% 


(IM) 


MODE 


44C4 


9848 






, DIV 


RR8 , R4 ; 


% 




MODE 


44C6 


1B28 






;i DIV 


RR8,R2'"; 


% 


{ IR) 


MODS' 


44C8 


5B08 


4300 




piv 


RR8 , LAB; 


% 


(DA) 


MODE 


44CC 


5Bia 


4300 




©IV 


RR8 . LAB (Rl\ 1 


% 


(Xf 


MODE 


44D0i 








1 .1. 






44Di 


1A08- 


0®00 


0005 


; dA. DIVL 


RQ8 , 5 ; 


% 


( IM) 


MODE 


4 4D|i 


'9 A 48 






; DIVL ' 


on a R R 4 • 




\^ 1 




44D8 


1A28 






DIVL 


R08 . R? " • 


% 


f TR 1 


MODE 


4 4DA 


5A08 


4 3 




DI VL 


ROfl T AR • 






I 1 WUCj 


4 4DE 


5A18 


*i J U U 




L/ J. V L> 


RAfi T A R / Q 1 \ • 
S\\^0 f l_i r\ D ^ r\ X / f 








44E2 








% 










44E2 


















4 4E 2 


I.I- (n 
















44E2 








% 










44E2 


B180 






EXTSB 


R8 ; 


% 




MODE 


4 4E4 


B18A 






EXTS 




a 




MODE 


44E6 


B187 






EXTSL 


RQi i * 


% 


(R) 


MODE 


44E8 








% 










44Ei 








■ % ' 










44Ei 








, 'i'iiiii»lM«:NT • 










44Ei 


f f 
















44E8 


A84 3 






' ■'■ ■ ' I NCB 


RH4 , 4 ; 


O; a 


fR 1 


MODE 


44EA 


2823 






INCB 


R2" , 4 ; 


% 


(IR) 


MODE 


44EC 


6803 


4300 




INCB 


LAB , 4 ; 


% 


(DA) 


MODE 


44F0 


6813 


4 30 




INCB 






( y ^ 


MODE 


4 4F4 








% 










44F4 


A94 3 






INC 


R4 , 4 ; 


% 




MODE 


44F6 


29 2 3 








R 9 * 4 - 




{ IH } 




44F8 


69 3 


4300 




INC 


TAR 4 • 




^ n A 1 


1*1 U U Cj 


44FC 




1 J u u 




Thin 






[A) 




*i J U W 


















4 500 








% 










'■I J u u 








^ ri U w i i Ir Li I 




,-, r 






fl J u u 






: f 


■ ft . " ' 1 1 " 
IS 




C V 






4 500 


1908 


0005 




MULT 


RRS S • 


St 






4 504 


!7 !7 M O 






I'l U l-> 1 


no Q "DA, 
f<KO / K^i } 






nuur. 


^ DUO 


1 Q Q 






M T I r 
IM U L i 


D D O D O . 

KHo 1 Kz ; 


% 


( IR) 


MODE 


4508 


5908 


4300 




MULT 


RRS , LAB; 


% 


(DA) 


MODE 


450C 


5918 


4300 




MULT 


RR8,LAB{R1) ; 


% 


(X) 


MODE 


4510 








% 










4510 


1808 


0000 


0005 


MULTL 


RQ8, 5; 


% 


(IM) 


MODE 


4516 


9848 






MULTL 


RQ8,RR4; 


% 


(R) 


MODE 


4 518 


1828 






MULTL 


RQ8,R2"; 


% 


(IR) 


MODE 


451A 


5808 


4300 




MULTL 


RQ8 , LAB; 


% 


(DA) 


MODE 


451E 


5818 


4300 




MULTL 


RQ8,LAB (RI) ; 


% 


(X) 


MODE 


4522 








% 










4522 








% 
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4522 






% 


NEGATE 










4522 






% 












4522 


8C42 






NEGB 


RH4; 


% 


(R) 


MODE 


4524 


0C22 






NEGB 


R2"; 


% 


( IR) 


MODE 


4526 


4C02 


4300 




NEGB 


LAB; 


% 


(DA) 


MODE 


452A 


4C12 


4300 




NEGB 


LAB(Rl) ; 


% 


(X) 


MODE 


452E 


















452E 


8D42 






; . r'- NEG 


R4; 


% 


(R) 


MODE 


4530 


0D22 






NEG 


R2''; 


% 


(IR) 


MODE 


4532 


4D02 


4300 




■• ■:.■! NEG ]'\ 


LAB ; ' r. 


1% 


(DA) 


MODE 


4536 


4D12 


4 300 




NEG 


LAB (Rl) ; 


% 


(X) 


MODE 


453A 






% 












4 53A 






% 












453A 






% 


SUBTRACT WITH 


CARRY 








453A 






% 












453A 


B645 






SBCB 


RH5,RH4; 


% 


(R) 


MODE 


4S3C 


8745 










a. 




MODE 


453E 






% 












453E 






% 












453E 






% 


SUBTRACT 










453E 






% 


• t ) 










453E 


0206 


0505 




SUBB 


RH6, 5} 


% 


(IM) 


MODE 


4542 


8246 






SUBB 


RH6 RH4- 


a, 
^ 




MODE 


4544 


0226 






SUBB j ■ 


186/ Rl"; 


% 


(IR) 


MODE 


4546 


4206 


4300 




SUBB 


RH6,LAB; 


% 


(DA) 


MODE 


454A 


4216 


4300 




SUBB 


RH6,LAB(R1) ; 


% 


(X) 


MODE 


454E 






% 












454E 


0306 


0005 




SUB 


R6,5; 


% 


(IM) 


MODE 


4552 


8346 






SUB 


R6,R4; 


% 


(R) 


MODE 


4554 


0326 






SUB 


R6,R2"; 


% 


(IR) 


MODE 


4556 


4306 


4300 




SUB 


R6,LAB; 


% 


(DA) 


MODE 


455A 


4316 


4300 




SUB ! 


R6,LAB(R1) ; 


% 


(X) 


MODE 


455E 






% 












455E 


1206 


0000 0005 


.. ■ J 


. SUBL 


RR6 , 5; 


% 


(IM) 


MODE 


4564 


9246 






SUBL 


RR6,RR4; 


% 


(R) 


MODE 


4566 


1226 






SUBL 


RR6,R2"; 


% 


(IR) 


MODE 


4568 


5206 


4300 




SUBL 


, R8gi.L^B; 


% 


(DA) 


MODE 


456C 


5216 


4300 




SUBL 


RR6,L%B(Rl) ; 


% 


(X) 


MODE 



4570 
4570 



EJECT; 
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TITLE 'LOGICAL'; » 








4 570 






% 












A t; 7 n 








AND 










4 J / u 


















^ c 7 rt 
4D /U 


n £ n 7 
UdO / 


r\ c n c 




ANDB 


RH7 ,5; 


% 


(IM) 


MODE 


4 D / *l 


D / 








DH7 DMA • 


Q, 
« 


(R) 




*» J / D 








. ~* n VI T> B 1 


tau 7 7**. 

Rn / f HZ ; 


a 


(IK) 




A c:7Q 


At^ n 7 
4dU / 








KH / f LAd ; 


% 


(DA) 


MODE 


fl D / C 


*lO 1 / 


A 'inn 




ANUd 


Din rKD/i3i\^ 
KH / , ( n i ) i 


% 


(X) 


MODE 


^ c o 






% 












4 580 


0707 


0005 




AND 


R7, 5; 


% 


(IM) 


MODE 


4 58 4 


87 47 






AND 


R7 , R4 ; 


% 


(R) 


MODE 


4 586 


0727 






?.'|J AND 


R7 , R2* ; 


% 


(IR) 


MODE 


4588 


4707 


4300 




AND 


R7, LAB? 


% 


(DA) 


MODE 


458C 


4717 


4300 




AND 




% 


(X) 


MODE 


4590 




' 


% 


' -'' 










4590 






% 












4590 






% 


COMPLBilEiif 










4590 






% 












4590 


8C40 






COMB 


RH4; 


% 


(R) 


MODE 


4592' 


0C2O 






'" COMB 


R2" ; 


% 


(IR) 


MODE 


4594 


4C00 


4300 




COMB 


LAB; 


% 


(DA) 


MODE 


4 598 


4C 10 


4300 




COMB 


LAB (Rl) ; 


% 


(X) 


MODE 


4 59C 






% 












4 59C 


8D40 






COM 


R4; 


•- % 


(R) 


MODE 


459E 


0D20 






COM 


R2'' ; 


% 


(IR) 


MODE 


45A0 


4D00 


4300 




COM 


LAB; 


■ % 


(DA) 


MODE 


45A4 


4D10 


4300 




COM ' 


LABtRi) f 


% 


(X) 


MODE 


45A8 






% 












4 5A8 






% 


i ' 










45A8 






% 


OR ' 










45A8 






% 












45A8 


0407 


0505 




OEt ■ 1 


RH7, 5; 


% 


(IM) 


MODE 


4 5AC 


8447 






ORB 


RH7,RH4; 


% 


(R) 


MODE 


45AE 


0427 






ORB 


RH7,R2"; 


% 


(IR) 


MODE 


45B0 


4407 


4300 




ORB 


RH7,LAB; 


% 


(DA) 


MODE 


45B4 


4417 


4300 




MB 




% 


(X) 


MODE 


45B8 






% 












45B8 


0507 


0005 




OR 


R7, 5; 


% 


(IM) 


MODE 


45BC 


8 547 






OR 


R7 , R4 ; 


% 


(R) 


MODE 


4 5BE 


5 2 7 






OR 


R7,R2"; 


% 


(IR) 


MODE 


45C0 


4507 


4300 




OR 


R7 , LAB ; 
R7,LAB{»J) 1 


% 


(DA) 


MODE 


45C4 


<i&17 


4300 




OR 


% 


(X) 


MODE 


45C8 






% 












45C8 






% 












45C8 






% 


TEST 










45C8 






« 












45C8 


8C44 






TESTE 


RH4; 


% 


(R) 


MODE 


45CA 


0C24 






TESTE 


R2"; 


% 


(IR) 


MODE 


45CC 


4C04 


4300 




TESTE 


LAB; 


% 


(DA) 


MODE 


45D0 


4C14 


4300 




TESTE 


LAB (Rl) ; 


% 


(X) 


MODE 
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L0(3ICAL 












45D4 




% 










45D4 


8D44 


TEST 


R4 ■ 


% 


(R) 


MODE 


45D6 


0D24 


TEST 


R2'' ; 


% 


(IR) 


MODE 


4 5D8 


4D04 4'^00 


TEST 


LAB ; 


% 


(DA) 


MODE 


4 5DC 


4ni 4 4'^nn 

T J-/ ^ M ^ J \J \J 


1 C>D X 


ut\o \t\l ) f 


% 


(X) 


MODE 


4 5E0 














45b0 


9C48 






% 


(R) 


MODE < 


*1 D l-i ^ 




' . ' 1 C>0 1 




% 


(IR) 


MODE 


45E4 


n R 4 1 5 n 

^V^v/O 1 J U 






% 


(DA) 


MODE 


•* JC» o 


cp IP 4 7 nn 

1 O *i J U U 


TT C T r 


LAB ( HI ; ; 


% 


(X) 


MODE 


4 SEC 




a 
% 








4 SEC 














4SEC 














45EC 




a 










45EC 


TV P Zl 
rt Lj 4 D 


, . t ^ . ' 1*^*^0 




% 


(R) 


MODE 


45EE 




TCC 




% 


(R) 


MODE ,. 


45F0 














4 5F0 




a - ■ . 










45F0 




% CiAULiUblVb UK 










45F0 




% 










45F0 




aUKb 


Din c . 
KH / ,d; 


% 


(IM) 


MODE 


45 


F4 


8847, 


AUKD 


Din D u ^ ■ 
Ktl / ^ KM fl ; 


% 


(R) 


MODE 


45 


F6 


\jO £. f 


YHDR 




% 


f IR) 


MODE 


45 


F8 


4807 4300 






% 


(DA) 


MODE 


4 5FC 


4817 4300 


XORB 


RH7 T AR ^ R 1 ^ • 


% 


(X) 


MODE 


4600 




ft 










4600 


0907 0005 


XOR 


R7, 5; 


% 


(IM) 


MODE 


4604 


8947 


: . / XOR 


R7 , R4 ; 


% 


(R) 


MODE 


4606 


0927 


XOR 


R7 , R2'' ; 


% 


(IR) 


MODE 


4608 


4907 4300 


XOR 


R7,LAB,• 


% 


(DA) 


MODE 


460C 


4917 4300 


XOR 


R7,LAB(R1) ; 


% 


(X) 


MODE 


4610 




% 










46 


10 


1 " t 


EJECT; 

V ^1 ■ ' 











I 
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1 




1 S'OTAIEE AMB ^IFT 










• 


Hij ±yj 




TITLE "ROTATE 


AND SHIFT' ; 








A c 1 n 
4d i 




a 
% 




?r r 














ROTATE LEFT DIGIT 








4 n J. u 
















4 D 1 u 


. H ti 4 / . . ' , .t 




; D r nR 


r\ri / f Ktifi f 


% 


(R ) 


MODE 


4612 


1 J- ~ t n 1 ? 




•.i.^JiH JAP 


^ 






4612 




ft 










*s V) X Z 




ft 


ROTATE RIGHT 


DIGIT 








4612 




a 












4612 


BC47 




RROB 


RH7,RH4; 






MODE 


4 D x 'I 




* 












4614 




% 












y i 'J 


1 J< (IT f >^ J / 


% 












4614 




% 












4 o i 4 


B 2 4 




RLB 


RH 4 , 1 ; 


% 


(R) 


MODE 


4 D 1 


B34 




RL 


R4,l; 


% 


(R) 


MODE 


4618 




% 












4618 




% 












4oio 




% 


wmmm tiip-S' through carry 








4618 




% 












4618 


B248 




KLCB 


RH4,1; 


% 


(R) 


MODE 


4d lA 


BJ4B 




RLC 


R4; 


% 


(R) 


MODE 


461C 




% 












4 D 




% 












*1 o 1 ^ 




% 


ROTATE RIGHT 










4 6 IC 




% 












4 D iC 


o^44 




RRB 


RH4,1; 


% 


(R) 


MODE 








RR 




% 


(R) 


MODE 


4 6 20 




% 












4520 




% 












/I n 
^ r) ^ U 




% 


ROTATE RIGHT 


THROUGH CARRY 








4520 




% 












4620 


B24C 




RRCB 


RH4, 1, 


% 


(R) 


MODE 


4622 


B34C 




RRC 


R4,l; 


% 


(R) 


MODE 


4624 




% 












46 24 




% 












A C ^ A 




% 


SHIFT mmmm 


mimmMtm 








4 5 2 4 




% 












A C "1 A 
4 O 4 


nz-QB UyUU 




SDAB 


RH4 , R9; 


% 


(R) 


MODE 


A a '~t Q 
4 Z O 


bj4d uyou 




SDA 


R4,R9; 


% 


(R) 


MODE 


462C 


9i4r 0900 








% 


(R) 


MODE 


4630 














4630 




% 












4 5 3 




% 


SHIFT DYNAMIC 


LOG rCAL 








4630 




% 












4530 


8243 0900 




SDLB 


RH4,R9; 


% 


(R) 


MODE 


4534 


B343 0900 




SDL 


R4,R9; 


% 


(R) 


MODE 


4D JO 


tij4 / uyuo 




SDLL 


RR4,R9; 


% 


(R) 


MODE 


463C 




% 










463C 






EJECT; 










L.. - . , 

















□ 



Aria 
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ROTATE 


AND 


SHIFT 












463C 






% 










463C 






% SHIFT 


LEFT ARITHMETIC- 








463C 






% 










463C 


B249 


0002 




SLAB RH4,2; 


% 


(R) 


MODE 


4640 


B349 


0002 




SLA R4,2; 


% 


(R) 


MODE 


4644 


B34D 


0002 




SLAL RR4,2; 


% 


(R) 


MODE 


4648 






% 








4648 






% 










4648 






% SHIFT 


LEFT LOGICAL 








4648 






* 










4648 


B241 


0002 




SLLB RH4,2; 


% 


(R) 


MODE 


464C 


B341 


0002 




SLL R4,2; 


% 


(R) 


MODE 


4650 


B345 


0002 




SLDL. RR4^2^ 


% 


(R) 


MODE 


4654 






% 








46,54 






% 










4654 






% SHIFT 


RIGHT ARITHMETIC 








4654 






* 










4654 


B249 


FFFE 




SRAB RH4,2; 


% 


(R) 


MODE 


4658 


B349 


FFFE 




mh R4,2; 


% 


(R) 


MODE 


465C 


B34D 


FFFE 




SRAL RR4,2; 


% 


(R) 


MODE 


4660 






% 








4660 






% 










4660 






% SHIFT 


RIGHT LOGICAL 








4660 






% 










4660 


B241 


FFFE 




SRLB RH4,2; 


% 


(R) 


MODE 


4664 


B341 


FFFE 




SRL R4,2; 


% 


(R) 


MODE 


4668 


B345 


FFFE 




SRLL RR4,2; 


% 


(R) 


MODE 


466C 






% 








466C 








EJECT; 
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■9 




Bit J^IPUtAfigil 






Ki 






466C 






TITLE 


'BIT MANIPULATION'; 








466C 






% 










466C 






% TEST 


BIT STATIC 








466C 






% 










466C 


A64 






BITE RH4,0; 


% 


(R) 


MODE 


466E 


2620 






BITE R2",0; 


% 


(IR) 


MODE 


4670 


6600 


4300 




BITB LAB,0; 


% 


(DA) 


MODE 


4674 


6610 


4300 




BITB LAB(R1):,0; 


% 


(X) 


MODE 


4678 






% 








4678 


A740 






BIT R4,0; < 


% 


(R) 


MODE 


467A 


2720 






BIT R2",0; 


% 


(IR) 


MODE 


467C 


6700 


4300 




BIT LAB,0; 


% 


(DA) 


MODE 


4680 


6710 


4300 




BIT LA»(iil),0f 


% 


(X) 


MODE 


4684 






% 










4684 






% 


t 








4684 






% TEST 


BIT DYNAMIC 








H O O ^ 






% 










4 fi R 4 

*i D O 4 




n4nn 




BITB RH4,R6; 


% 


(R) 


MODE 


4688 






- - ■ : .\ 


BIT T3ETHi,»if 


m 


(R) 


MODE 


468C 






% 










468C 






% 










468C 






% RESET 


BIT STATIC 








46 8C 






% 










1 D 


a / n 






RESa 'ii4„Q:; 


t 


(R) 


MODE 


^ D O El 


^ ^ ^ u 






RESB R2",0; 


% 


(IR) 


MODE 


** vJ ^ U 


D z u u 


fi OUU 




RESB LAE,0; 


% 


(DA) 


MODE 


1 V) J 1 


fi 9 1 n 






RESB LAB (Rl ) ,0; 


% 


(X) 


MODE 


4698 






% 










4 Q R 

*i D ^ O 


A 4 n 






RES R4,0; 


% 


(R) 


MODE 


4 Q A 


9 n 
Z J z u 






RES R2",0; 


% 


(IR) 


MODE 


469C 


fi f) n 

\J D U \J 


4 ^ n n 




RES LAB,0; 


% 


(DA) 


MODE 


4 A n 


O J X u 


4 n n 




Bta L«i:{.fcl|. ,,Sf 


1 


(X) 


MODE 


4 A 4 






% 








46A4 






% 










46A4 






% RESET 


BIT DYNAMIC 








4 6A4 






% 










46A4 


9 9nfi 


n4nn 

U *1 u u 




mSM RH4,R6; 


» 


(R) 


MODE 


4^&fl 








MS R4,R6} 


i 


(R) 


MODE 


46AC 






% 




46AC 






% 










4 6AC 






% SET BIT STATIC 








46AC 






% 










46AC 


A440 






SETB RH4,0; 


% 


(R) 


MODE 


46AE 


2420 






SETB R2",0; 


% 


(IR) 


MODE 


46B0 


6400 


4300 




SETB LAB,0; 


% 


(DA) 


MODE 


46B4 


6410 


4300 




SETB LAB (Rl) , ; 


% 


(X) 


MODE 


46B8 






% 










4688 


A54 






SET R4,0; 


% 


(R) 


MODE 


46BA 


2520 






SET R2",0; 


% 


(IR) 


MODE 


46BC 


6500 


4300 




SET LAB,0; 


% 


(DA) 


MODE 


46C0 


6510 


4300 




SET LAB(R1),0; 


% 


(X) 


MODE 
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a 

ti 


















Q, 


















« 


SET BIT DYNAMIC 


























46C4 


24 6 


'0400 




SETS 


RH4,R6; 


% 


(R) 


MODE 


4 DV- 


■ c rt £r 
ZOUD 


U4UU 




SET 


R4,R6; 


a, 
% 


(R) 


nUUb 


A cnn 






a, 
* 












46CC 






% 












46CC 






% 


TEST AND SET 










46CC 






% 












46CC 


8C46 






TSETB 


RH4; 


% 


(R) 


MODE 


46CE 


0C26 






TSETB 


R2''; 


% 


(IR) 


MODE 


46D0 


4C06 


4300 




TSETB 


LAB; 


% 


(DA) 


MODE 


46D4 


4C16 


4300 




TSETB 


LAB (Rl) ; 


% 


(X) 


MODE 


46D8 






% 












46D8 


8D46 






TSET 


R4; 


% 


(R) 


MODE 


46DA 


0D26 






TSET 


R2-; 


% 


(IR) 


MODE 


4^DC 


4D06 


4300 




TSET 


LAB; 


% 


(DA) 


MODE 


4^E0 




Asm 




TSET . - 


. LAB(Rl) ; 


% 


(X) 


MODE 


46E4 






% 












46E4 








EJECT; 
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CCViF^E 



46E4 








TITLE 'COMPARE'; 








46E4 








% 












46E4 








% 


COMPARE REGISTER Wim MBMOBY 








46E4 








% 












46E4 


0A06 


0505 


' I'- 




< CPB 


, RH6, 5; 


% 


(IM) 


MODE 


46E8 


8A46 








CPB 


RH6,RH4; 


% 


(R) 


MODE 


46EA 


0A26 








CPB 


RH6,R2"; 


% 


(IR) 


MODE 


46EC 


4A06 


4300 






CPB 


W16,LAB; 


% 


(DA) 


MODE 


46F0 


4A16 


4300 






CPB 


% 


(X) 


MODE 


46F4 








% 












46F4 


0B06 


0005 






'•, CP 


R6,5; 


% 


(IM) 


MODE 


46F8 


8B46 








CP 


R6 , R4 ; 


% 


(R) 


MODE 


46FA 


0B26 








CP 


R6,R2"; 


% 


(IR) 


MODE 


46FC 
4700 


4BQ6 

4»,tf ■ 


430Q 








^,1*6, LAB; 
R6 ,LABtRl) ; 


% 
% 


(DA) 
(X) 


MODE 
MODE 


4704 








% 










4704 


1006 


0000 


0005 




CPL 


RR6, 5; 


% 


(IM) 


MODE 


470A 


9046 








CPL 


RR6,RR4; 


% 


(R) 


MODE 


470C 


1026 








CPL 


RR6,R2''; 


% 


(IR) 


MODE 


470E 


5006 


4300 






CPL 


RR6, LAB; 


% 


(DA) 


MODE 


4712 


5016 


4300 




CPL 


RR6,LAB(R1) ; 


% 


(X) 


MODE 


4716 








% 












4716 








% 












4716 








% 


COMPARE ME'MotiY wim wmmmm 








4716 








% 












4716 


CIC:21 


0505 






CPB 


R2",5; 


% 


(IR) 


MODE 


47 lA 


4C01 


4300 


0505 




CPB 


LAB, 5; 


% 


(DA) 


MODE 


4720 


4C11 


4300 


050 i-; 






LAB(R1),5; 


% 


(X) 


MODE 


4726 








% 


' ' n fli ■ 










4726 


0D21 


0005 






R2^,5; 


% 


(IR) 


MODE 


472A 


4D01 


4300 


0005 




CSw-jjT/i LAB, 5; 


% 


(DA) 


MODE 


4730 


4D11 


4300 


0005 






LAB (Rl) , 5; 


% 


(X) 


MODE 


4736 








% 










4736 








% 












4736 








% 


COMtftSI AND 


DEGREMENf 








4736 








% 












4736 


BA28 


0765 






CPDB 


RHG , R2' , R7 ,MI ; 


% 


(IR) 


MODE 


473A 


BB28 


0765 






CPD 


R6,R2",R7,MI; 


% 


(IR) 


MODE 


473E 








% 










473E 








% 












473E 








% 


COMf*»t, DECREMENT, iiPg^t 






473E 








% 












473E 


BA2C 


07 6 5 






CPDRB 


RH6,R2',R7,MI; 


% 


(IR) 


MODE 


4742 


BB2C 


0765 






CPDR 


R6,R2~,R7,MI,- 


% 


(IR) 


MODE 


4746 








% 










4746 








% 












4746 








% 


COMPARE AND 


INCREMENT 








4746 








% 












4746 


BA20 


0765 






CPIB 


RHr,,R2'~,R7,MI; 


% 


(IR) 


MODE 


474A 


BB20 


0765 






CPl 


R6,R2~,R7,MI; 


% 


(IR) 


MODE 


474E 








% 
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474E 
474E 
474E 
474E 
4752 
4756 
4756 
4756 
4756 
4756 
475A 
475E 
475E 
475E 
475E 
475E 
4762 
4766 
4766 
4766 
4766 
4766 
476A 
476E 
476E 
476E 
47|6E 
47|6E 
4772 
4776 
4776 



BA24 0765 
B^24 0765 



BA2A 07BE 
BB2A 07BE 



BA2E 07BE 
BB2E 07BE 

' ■' • ) ^' 

BA22 07BE 
BB22 07BE 



ik26 d7BE 
BB26 07BE 



% 

% COMPARE, INCREMENT, AND REPEAT 

-%■• 

CPIRB RH6,R2",R7,MI; % (IR) MODE 
CPIR R6,R2' ,R7,MI; * (IR) i40DE 

%' 
% 

% COMPARE STRING AND DECREMENT 
•t"" 

CPSDB Rll' ,R2'' ,R7,NE; % (IR) MODE 
CPSD R11",R2~,R7,NE; (IR) MODE 

% 
% 

^■|:0Mi*ft1^E STRIJ^, DEC. AND REPEAT 

CPSDRB R11",R2*,R7,NE; % (IR) MODE 
CPSDR R11*,R2',R7,NE; % (IR) MODE 

■ 

% COMPARE STRING AND INCREMENT ' 

• % - 

CPSIB Rll" ,R2" ,R7,NE; % (IR) MODE 
CPSI R11",R2",R7,NE; % (IR) MODE 

% 

% COMPARE STRING, INC. AND REPEAT 

% . 

"' CPSIR'i R11",R2",R7,NE; '% (IR) MODE 
CPSIR R11'',R2'",R7,NE; % (IR) MODE 

% 

EJECT; 
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TRANSLATE 












4776 






TITLE 'TRANSLATE'; 








4776 






% 










4776 






% 


TRANSLATE AND DECREMENT 








4776 






% 










4776 


B8B8 


0620 




TRDB RH",R2",R6; 


% 


(IR) 


MODE 


Allh 




*.l 


% : 


BHI 














% 










477A 






% 


TRANSS,Afi, t)geREMENT, mB MBPmT 






477A 






% 


' ■' til 








, 477A 




0620 






% 


(IR) 


MODE 


' 47tE 






% 








477E 






% 










477E 






% 


TRANSLATE AND INCREMI|IT 








477E 






% 










477iE 


' 


0620 








(IRv) 


MODE 


4782 






%^ 








4782 






% 










4782 






% 


TRANSLATE, INCREMENT AND REPEAT 






4782 






% 










4782 
4786 


B8B4 


0620 

- , if 

I 'i f 


:» 

1 * ■■ ■ ' 


, -r, TRIRB^ ^ R11'',R2',R6; 
j-i./C-T ROti'; 


% 


(IR). 


MODE 


4786 






% 


? 








4786 






% 


TRANSLATE AND TEST, UpC^Jpritll 


p 






4786 






% 


■ . ■! KHli uMr .... j 








4786 


B8BA 


0620 




TRTDB Ml 1 " , R2" , R€ J 


% 


(IR) 


MODE 


478A 






% 


. *. "I 








478A 






% 


■ ^. .1 








478A 






% 


TRANSLI^fE mU TEST, CpC, Mm 


REPEAT 




478A 






% 


i 








478A 










% 


(IR) 


MODE 


478E 






% 










478E 






% 










478E 






% 


TRANSLATE AND TEST, INCREMENT 






478E 






% 










478E 


B8B2 


0620 




TRTIB R11",R2",R6; 


% 


(IR) 


MODE 


4792 






% 










4792 






* 










4792 








t^l,^itl,«fE AND,. TEST , INC. AND 


REPEAT 




4792 






■ •%! 




0. 






4792 


B8B6 


062E 




TWTl «B 1 11 ' , R 2 " , R 6 1 


% 


(IR) 


MODE 


4796 






% 










4796 

1 

1 








EJECT; 
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IpJPtlT/OUTPUT 














4796 








TITLE 'INPUT/OUTPUT'; 








4796 








% 










4796 








% 


INPUT 








4796 








% 










4796 


3CD4 




, J" 




- INB RH4,R13; 


% 


(PR) MODE 


4[798 


3A44 


OPCO 






INB RH4,#0FC0; 


* 


(PA) MODE 


479C 








% 










479C 


3DD4 








IN R4,R13; 


% 


(PR) MODE 


479E 


3B44 


OFCO 






IN R4,#OFC0; 


a 
^ 


(PA) MODE 


47A2 








% 










47A2 








% 










47A2 








% 


INPUT AND DECREMENT 








47A2 








'%' 










47A2 


3AD8 


0928 


1 AO 
\ ffrl 




INDB R2",R13,R9; 


% 


(IR,PR) 


MODE 


47A6 


3BD8' 0928 




■ ''*^IND R2",R13,R9,- 


4 
% 


(iR'/PR) 


MODE 


47AA 








% 










47AA 








% 










47AA 








% 


INPUT; DECREMENT AND REPEAT 








47AA 








% 










47AA 


3AD8 


0920 






' INDRB R2~,R13,R9; 


% 


(IR,PR) 


MODE 


47AE 


3BD8 


0920 






INDR R2',R13,R9; 


% 


(IR,PR) 


MODE 


47B2 








% 










47B2 








% 










47B2 








% 


INPUT AND INCREMENT 








47B2 








% 










47B2 


3AD0 


0928 






INIB R2",R13,R9; 


% 


(IR,PR) 


MODE 


47B6 


3BD0 


0928 






INI R2",R13,R9; 


% 


(IR,PR) 


MODE 


47BA 








%- 










47BA 








% 










47BA 








% 


INPUT, IweRESltNT AND REPEAT 








47BA 








% 










47BA 


3AD0 


0920 






INIRB R2",R13,R9; 


% 


(IR,PR) 


MODE 


47BE 


3BD0 


0920 






INIR R2",R13,R9;. 




(IR,PR) 


MODE 


47C2 








% 








47C2 








% 










47C2 








% 


OUTPUT 








47C2 








% 










47C2 


3ED4 








OUTB R13,RH4; 


% 


(PR) MODE 


47C4 


3A46 


OFCO 






OUTB #0FC0,RH4; 


% 


(PA) MODE 


47C8 








% 










47C8 


3FD4 








OUT R13,R4; 


% 


(PR) MODE 


47CA 


3B46 


OFCO 






OUT #0FC0,R4; 


% 


(PA) MODE 


47CE 








« 










47CE 








% 










47CE 








% 


OUTPUT AND DECREMENT 








47CE 








% 










47CE 


3A2A 


09D8 






OUTDB R13,R2",R9; 


% 


(IR,PR) 


MODE 


47D2 


38 2A 


09D8 






OUTD R13,R2",R9; 


% 


(IR,PR) 


MODE 


47D6 








% 










47D6 

- ■ 










EJECT; 
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INPUT/OUTPUT 












1 4im 




% 










47D6 




% 


0weff.i))<iiimMWi><^i» repeat 








47D6 




% 










47D6 


3A2A 09D0 




OTDRB R13,R2~,R9; 


0% 


{IR,PR) 


MODE 


47DA 


3B2A 09D0 




OTDR R13,R2'',R9; 


.% 


(IR,PR) 


MODE 


47DE 




% 


li 






47DE 




% 


f 








47DE 






out 'puf 1 mmofmimm^ * 








47DE 




% 










47DE 


3A22 09D8 


;<:'R, r f q OiTIB . R13,R2",R9; 


8l 


(.IR,PR) 


MODE 


47E2 


3822 .9908 


sffl, -^3 . ; -1 OUH ,2 B13.R2'',R9; 


8i; 


iCIR^PR) 


MODE 


47E6 




i 


? 






47E6 




% 










47E6 




% 


OUTPUT, INCREMENT AND REPEAT 








1 47E6 




% 










47E6 


3A22 09D0 




OTIRB _ R13,R2",R9; 


% 


(IR,PR) 


MODE 


47EA - 








■-, % 


:CIR,i?R) 


MODE 


47EE 


% 










47EE 




% 










47EE 




% 


SPECIAL INPUT 








; 47EE 




% 










47EE 


3A45 OFCO 




SINB RH4,#0FC0; 


. % 


(PA). MODE 


47F2 










(PA) MODE 


47F6 












: 47F6 




t 










j 47F6 












' 47F6 




% 










47F6 


3AD9 0928 




SINDB R2'',R13,R9; 


% 


(IR,PR) 


MODE 


47 FA 


3BD9 0928 




SIND R2',R13,R9; 


% 


(IR,PR) 


MODE 


j 47FE 




% 








47FE 




% 










47FE 




% 


SPECIAL INPUT, DECREMENT AND 


REPEAT 




4 7 FE 




% 










47FE 


3AD9 0920 




SIMORB R2",R13,R9; 


% 


CIR,PR) 


MODE 


4802 


3BD9 0920 




:SI»R R2'' ,R13,R9; 


% 


(IR,PR) 


MODE 


4806 




% 










4806 




% 










4806 




% 


SPECIAL INPUT AND INCRfMBNT 








1 4806 




% 










4806 


3AD1 0928 




SINIB R2",R13,R9; 


« 


(IR,PR) 


MODE 


480A 
480E 


31*1 0928 


1 


mml R2',R13,R9f 


% 


(IR, PR) 


MODE 


\ 480E 




% 










480E 




% 


SPECIAL INPUT, INCREMENT AND 


REPEAT 




480E 




i 










480E 


3AD1 0920 




SINIRB R2^,R13,R9; 


% 


(IR,PR) 


MODE 


48 12 


3BD1 0920 




SINIR R2",R13,R9; 


% 


(IR,PR) 


MODE 


4816 




% 










j 48 16 

1 






EJECT; 
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MACZ 


B: CODES L P 












INPUT/OUTPUT 














4816 






% 










4816 






% 


SPECIAL OUTPUT' 








4816 






% 










4816 


3A47 


OFCO 




SOUTB #0FC0,RH4; 


% 


(PA) MODE 


481A 


3B47 


OFCO 




SOUT #0FC0,R4; 


% 


(PA) MODE 


481E 






% 










481E 

r 






% 










481E 






% 


SPECli^Ii OOTPUTl^ASD DiCREMENT 








481E 






% 










481E 


3A2B 


09D8 




SOUTiB R13,R2",R9; 


% 


(IR,PR) 


nuub 


4822 


3B2B 


09Ei8 




SOUTS R13,R2",R9; 


% 


(IR,PR) 


nuUEt 


4826 






% 










4826 






% 










4826 






% 


SPECIAL OUTPUT, DECREMENT AND 


REPEAT 




4826 






% 










4826 


3A2B 


09D0 




SOTDRB R13,R2*,R9; 


% 


(IR,PR) 


MODE 


48 2A 


JO £0 






SOTDR R13,R2" ,R9; 


% 


(iftjPR) 


MODE 


d ft 9 R 
*4 O zl Cj 






% 








48 2E 






% 










4 ft 9P 






% 


SPECIAL OUTPUT AND INCREMENT 








4 ft 9 P 
I O Z Ci 






% 










482E 


3A23 


09D8 




SOUTIB R13,R2",R9; 


% 


(IR,PR) 


MODE 


4832 


3B23 • 






SOUTI R13,R2",R9; 


% 


(IR^Pft) 


MODE - 


4836 






% 








4836 






% 










4836 






% 


SPECIAL 0UTPOT', INCREMENT AND 


REPEAT 




4836 






% 










4836 


3A23 


09D0 




SOTIRB R13,R2",R9; 


% 


(IR,PR) 


MODE 


483A 


3B23 


09D0 




SOTIR R13,R2",R9; 


% 


(IR,PR) 


MODE 


483E 






% 








483E 








EJECT; 
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MACZ B: CODES L P 














PRQ^mAJW CONTROL 














' 48 3E! 


TITLE 'PROGRAM 


CONTROL' ; 










483E 


% A.}-:. :1 










: ■- . 


483E 


% LAB2: 


i 










483E 


% 0gf«HB FOR-'^Ri) SMRANDS 










483E 


a 
% 


It 










483E 


% PAT T • TD>STj9 












483E 


•o 












483B 1F20 


CALL 


R2"; 




% 


(IR) 


MODE 


4840 5F00 4300 


CAT T 


LAB; 




% 


(DA) 


MODE 


4844 5F10 4300 


r*a f T 

vAJmL 


LAB(Rl) ; 




% 


(X) 


MODE 


4848 


% 












4848 


% 












4848 


ft nST T ISE^r Xf T'lB^ 

% k^ALL HltLmllWla^ 












4848 


ft 












4848 Ditf 








% 


(RA) 


MODE 


484A 


a 










484A 














484A 


% DECREMENT AND 


JUMP IF NONZERO 








484A 


f. 












484A FF07 


DB JNZ 

1^ w \J -iUI. 


HL / 1 LAB^ ; 




% 


(RA) 


MODE 


484C F788 








% 


(RA) 


MODE 


484E 


IB 












484E 


m 












484E 














484E 














4 8 4E ■1Pi#S 














4850 














4850 


% 












4850 


% JUMP 












4850 


% 












4850 1E2E 


JP 


NZ,R2"; 




% 


(IR) 


MODE 


4852 1E28 


JP 


R2*; 




% 


(IR) 


MODE 


4854 5E0E 4300 


JP 


NZ,LAB; 




% 


(DA) 


MODE 


4858 5E08 430 


JP 


LAB; 




% 


(DA) 


MODE 


485C 5E1E 4300 


39 


NZ,LAB(R1) } 




% 




MODE 


4860 5E18 4300 


it 


LAB(Rl) ; 




1 


(X) 


MODE 


4864 


t 












4864 


1 












4864 














4864 


% 












4864 EEEC 


JR 


NZ , LAB2| 




% 


(RA) 


MODE 


4866 E8EB 


JR 


LAB 2 ; 




% 


(RA) 


MODE 


4868 


% 












4868 


% 












4868 


% RETURN 












4868 


% 












4868 9E0E 


RET 


NZ; 










486A 9E08 


RET; 












486C 


% 












486C 

1 
1 


EJECT; 
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486C % 

486C % SYSTEM CALL 

4860 % 

486C 7F2C , SC 44;._ 

486E % 

48eE EJECT; ^ 



i' 

: w ■ 

u'. 
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MACZ BrCODES LP ' " <^ p . • 

CPU CONTROL 



486E 
486E 
486E 
486E 
486E 
4870 
4870 
4870 
4870 
4870 
4S'72 
4872 
4872 
4872 
4872 
4874 
4874 
4874 
4874 
4874 
4876 
4876 
4876 
4876 
4876 
4878 
4878 
4878 
4878 
4878 
487A 
487A 
487A 
487A 
487A 
487C 
487C 
487C 
487C 
487C 
487E 
487E 
487E 
487E 
487E 
4880 
4884 
4888 
4888 



TITLE 'CPU CONTROL'; 



% COMPLEMENT FLAGS 



8DC5 



7€il 



7 eft* 



7A00 



7DCA 



7BC2 



8C79 



8C71 



3920 

7900 4300 
7910 4300 



% 



% 



COMFLG CY,ZR;_^ 
DIS^LS INTgjBRUPT 



DI VI; 

* r i OHOTJI-ITJUM » 

* t 

% ENABLE t^^^fO'm 



EI NVI,VI; 

. .J o S 



HALT; g 

-• ri -70 g 



% 
% 

% HALT 
% 

% 
% 

% LOA© CJSNTRDL REGISTER 
% 

LDCTL FCW,R12; 

t 

% LOAP FROPa^ltlOL REGISTER 



% 



LDCTL R12,FCW; 



% LOAD FLAG BYTE 
% 

LDCTLB FLAGS, JIH7; 



% h6k& FROM FLAG BYTE 
% 

LDCTLB RH 7, FLAGS; 

1 
% 

% LOAD PROGRAM STATUS 
% 

LDPS R 2 ~ ; 

LDPS LAB ; 

LDPS LAB(Rl); 

% 

EJECT ;% 



% (R) MODE 



% (R) MODE 



% (R) MODE 



% (R) MODE 



% (IR) MODE 
% (DA) MODE 
% (X) MODE 
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MACZ 


B: CODES L P 






GPU CONTROL 






4888 




% MULTI-MICRO TEST 




4888 




% 




4888 


7B0A 


MBIT ; 




^88A 




% 




488A 




% 




488A 




% MULTI-MICRO REQUEST 




488A 




% - 




488A 


7BCD 


MREQ R12; 




488C 




% ' -' 




488C 




% 




488C 




% MULTI-MICRO RESET 




488C 




% 




488C 


78 09 






488E 




% 




488E 








488E 




% MULTI-MICRO SET 




488E 




IS 




488E 


7808 


MSET; ■ . ^ ' 




4890 




% ■ 




4890 








4890 




% NO OPERATION ^ 




4890 




% 




4890 


8D07 


MOD" 




4892 




% 




4892 




% 




4892 




% RESET FLAGS 




4892 




% 




4892 


8D43 






4894 








4894 




"5 




4894 








4894 




% - 




4894 


8D71 


SE^'FLtS^ ^friS€N,OV; 




4896 




% 




4896 




■ 




4896 

1 




END. 





















A-26 



.) lei 5 1 . /i ^ k.' . ' ■ -J- - M 



APPENDIX B 
AinZSaOO INSTRUCTION SET: 
Mn^ic Listing by Qpeiif; 



'Sf! MOO 

-ft 'tr. 



_ -.'H I . . 

s — ■ 



■ T 



0026 




ADDB 


RH6,R2'; 


% 


(IR) 


MODE 


0106 


0005 


ADD 


R6 , 5 ; 


% 


(IM) 


MODE 


0126 




ADD 


R6 , R2'~ ; 


% 


(IR) 


MODE 


0206 


0505 


SUBB 


RH6 , 5 ; 


% 


( IM) 


MODE 


0226 




SUBB 


RH6 , R2" ; 


% 


( IR) 


MODE 


0306 


0005 


SUB 


R6 5 • 




( IM ) 


MODE 


326 




SUB 










0407 


0505 


ORB 


RH7 , 5; 


% 


( IM ) 


MODE 


0427 




ORB 


RH7 , R2'' ; 


% 


( I R ) 


MODE 


0507 


0005 


OR 


R7 , 5: 


% 


( IM) 


MODE 


0527 




OR 


R7,R2"; 


% 


( IR) 


MODE 


0607 


0505 


ANDB 


RH7, 5; 


% 


( IM) 


MODE 


0627 




ANDB 


RH7,R2"; 


% 


( IR) 


MODE 


0707 


0005 


AND 


R7 , 5 ; 


% 


(IM) 


MODE 


0727 




AND 


R7 , R2" ; 


% 


( IR) 


MODE 


0807 


0505 


XORB 


RH7 , 5; 


% 


( IM) 


MODE 


0827 




XORB 


RH7 , R2~ ; 


% 


( IR) 


MODE 


0907 


0005 


XOR 


R7 , 5; 


% 


( IM ) 


MODE 


0927 




XOR 


R7 , R2^ ; 


% 


( I R ) 


MODE 


0A06 


0505 


CPB 


RH6 , 5 ; 


% 


( IM ) 


MODE 


0A26 




CPB 


RH6 , R2' ; 


% 


( IR) 


MODE 


0B06 


0005 


CP 


R6 . 5 • 


% 


( IM ) 


MODE 


0B26 




CP 


R6 , R2" ; 


% 


( IR) 


MODE 


0C20 




COMB 


R2" ; 


% 


( IR) 


MODE 


0C21 


0505 


' CPB 


R2" 5 • 


2 


( IR) 




0C22 






R2 ; ^ 


% 


{ IR) 


MODE 


0C24 




TEGTB 


R2" ; 


% 


( IR) 


MODE 


0C25 


0505 


LDB 


R2'' . 5: 


% 


(IR) 


MODE 


0C26 




TSETB 


R2'" ; 


% 


( IR) 


MODE 


0C28 




CLRB 


R2" ; 


% 


( IR) 


MODE 


0D20 




COM 


R ? * • 


% 


( I R ) 


MODE 


0D21 


0005 


CP 


R2' . 5 • 


% 


( IR) 


MODE 


0D22 




NEG 


R2' ; 


% 


( IR) 


MODE 


0D24 




TEST 


R2~ ; 


% 


(IR) 


MODE 


0D25 


0005 


LD 


R P " 5 • 


a 


( I R ) 


MODE 


0D26 




TSET 


R2' • 


% 


( I R ) 


MODE 


0D28 




CLR 


R2" ■ 


% 


( I R ) 


MODE 


0DC9 


000 5 


PUSH 


R 1 2 " , 5 ; 


% 


( IM ) 


MODE 


1006 


0000 0005 


CPL 


RR6 , 5 ; 


% 


( IM) 


MODE 


1026 




CPL 


RR6 , R2" ; 


% 


( IR) 


MODE 


11C2 




PUSHL 




a 
% 


^ T R ^ 




1206 


0000 ooos 

\J \j \J \J V_/ W v7 ^ 


SUBL 




% 
fi 






1226 




SUBL 


RR6 . R2' • 


% 


( IR) 


MODE 


13C2 




PUSH 


R12*,R2"; 


fi 


( IR ) 


MODE 


1406 


0000 000 5 


LDL 


RR6 , 5 ; 


a 
fi 


( IM ) 


MODE 


1426 




LDL 


RR6 , R2" ; 


% 


( IR ) 


MODE 


15C2 




POPL 


R2" , Rl 2* ; 


% 


( IR) 


MODE 


1606 


0000 0005 


ADDL 


RR6 , 5; 


% 


( IM) 


MODE 


16 26 




A DDL 


RR6 , R2~ ; 


% 


( I R ) 


MODE 


17C2 




POP 


R2",R12",- 


% 


( IR) 


MODE 


1808 


0000 0005 


MULTL 


RQ8, 5; 


% 


( IM) 


MODE 


1828 




MULTL 


RQ8,R2*; 


% 


(IR) 


MODE 


1908 


0005 


MULT 


RR8, 5; 


% 


(IM) 


MODE 


1928 




MULT 


RR8,R2''; 


% 


(IR) 


MODE 


1A08 


0000 0005 


DIVL 


RQ8,5; 


% 


(IM) 


MODE 



I 



1A28 






■ ■ /■ 


DIVL 


RQ8,R2"; 


% 


(IR) 


MODE 


1B08 


0005 




. C'p ^ 


DIV 


RR8,5, 




% 


(IM) 


MODE 


imm 

1 "r 










aRS^Ra"; 


% 


(JR) 


MODE 


lC21a 


0&05 








R8,R2',6; 


% 


(IR) 


MODE 


' 1C28 






;(;. 


TESTL 


R2' ; 




% 


(IR) 


MODE 


IC 29 


0805 






LDM 


R2* , R8 , 6; 


% 


( IR) 


MODE 


1D26 








LDL 


R2~ ,RR6; 


% 


(IR) 


MODE 


1E28 








JP 


R2-; 




% 


(IR) 


MODE 


1E2E 








JP 


NZ,R2'; 


% 


(IR) 


MODE 


1F20 






LAB 2: 


CALL 


R2-; 




% 


(IR) 


MODE 


20 26 








LDB 


RH6,R2*; 


% 


(IR) 


MODE 


2106 


0005 






LD 


R6,5; 




% 


(IM) 


MODE 


\ 210B 


4300 




4 \ - 




R11,~LAB; 


% 


(DA) 


MODE 


i M26 








lit). 


R6,R2"; 


% 


( IR) 


' MODE 










RESB 


RH4,R6; 


% 


(R1 


MODE 










RESB 


R2",0 




% 


( IR) 


MODE 


2306 


04 






RES 


R4,R6 




% 


( R 1 


MODE 


2320 








RES 


R2",0 




% 


( IR) 


MODE 


1 2406 


0400 






SETS 


RH4,R6: 


% 


(R) 


MODE 


2420 








SETB 


R2'' ,0 




% 


( IR) 


MODE 


2506 


0400 






SET 


R4,R6 




% 


(R) 


MODE 


2520 








SET 


R2' , 




% 


( IR) 


MODE 


2606 


0400 






BITB 


RH4,R6; 


% 


(R) 


MODE 


2620 








BITB 


R2",0 




% 


( IR) 


MODE 


2706 


0400 






BIT 


R4,R6 




% 


(R) 


MODE 


2720 








BIT 


R2'' ,0 




% 


(IR) 


MODE 


2823 








INCB 


R2~,4 




% 


( IR) 


MODE ' 




, ■•.4 , , 


1 1 J # 


. ". r , . 




R2",4 




% 


(IR) 


MODE 






■ n * 


! ■" . < 




R2",12; 


% 


(IR) 


MODE 




> ' ^ 


r 






R2~,12; 


% 


(IR) 


MODE 


! 2C-2« 






.' " ■- 


■gXET- 


RH6,R2~; 


% 


( IR) 


MODE 


2D26 








EX 


R6,R2*; 


% 


( IR) 


MODE 


2E26 








LDB 


R2" ,RH6; 


% 


(IR) 


MODE 


mm 

1 






.It. 


LD 


R2" ,R6; 


% 


(IR) 


MODE 


3006 


FFIC 






LDRB 


RH6, LAB; 


% 


(RA) 


MODE 


3026 


0014 






LDB 


RH6,R2" (20) , ■ 


% 


(BA) 


MODE 


3106 


FF18 






liDR 


R6,LAB; 


% 


(RA) 


MODE 


3126 


0014 






LD 


R6,R2" (20) ; 


% 


(BA) 


MODE 


3206 


FFIO 






LDRB 


LAB,RH6; 


% 


(RA) 


MODE 


3226 


0014 






/'iQ® . 1 r 

• •Wm^^g^m * ' • - 


R2''<20) ,«K#| 


% 


(BA) 


MODE 


! 3306 


FFOC 








LAB , R6 ; 


% 


(RA) 


MODE 


I 3326 


0014 




1 K ; 


LD 


R2" (20) ,R6; 


% 


{ BA) 


MODE 


34 OB 


PF04 






LDR 


RIl , "LAB; 


% 


(RA) 


MODE 


342B 


00 1 4 






im 


R11," 


(R2- (20) ) ; 


% 


( BA ) 


MODE 


3506 


PF14 






LDRL 


RR6,LAB; 


% 


(RA) 


MODE 


3526 


0014 






LDL 


RR6 , R2' (20) ; 


% 


(BA) 


MODE 


3706 


FFOB 






LDRL 


LAB , RR6; 


% 


(RA) 


MODE 


3726 


0014 






LDL 


R2' (20) ,RR6; 


% 


(BA) 


MODE 


3920 








LDPS 


R2" ; 




% 


( IR) 


MODE 


3A22 


09D8 






OUT IB 


R13,R2* ,R9; 


% 


(IR,PR) MODE 


3A22 


09D0 






OTIRB 


R13 , R2'~ , R9; 


% 


(IR,PR) MODE 


3A23 


09D0 






SOTIRB 


R13,R2" ,R9; 


% 


(IR,PR) MODE 


3A23 


09D8 






SOUTIB 


R13,R2* ,R9; 


% 


(IR,PR) MODE 


3A2A 


.09D8 






0UT0B 


R13»R2',R9; 


% 


(IR,PR) MODE 



3A2A 


O9iD0 


, OTDRB 


R13,R2" ,R9; 


% 


( iRf 


PR ) MODE 


3A2B 


09D8 


SOUT0B 


R13 , R2" , R9 ; 


% 


(IR , 


PR 1 MODE 


3A2B 


09D0 


S OTDRB 


Rl ? R?" RQ 


a 


( I R 


PR 1 Mfinp 


3A4 4 


OFCO 


INB 






/ P A > 

V t , 




3A4 5 


OFCO 


SINB 


RH4 ftOFCn- 




( PA ' 


MODE 


3A46 


OFCO 


OUTB 


ft u r V- u f n.o 4 , 








3A47 


OFCO 


SOUTB 


^iflFrn RI-lZl« 
fturv^u f r\nH / 


% 






3AD0 


0928 


INIB 


Rl T RQ 


% 


( I R 


PR \ MODF 


3AD0 


0920 


IN I RB 


R ? " R 1 RQ 








3AD1 


0928 


SINIB 


R2* Rl 3 RQ 




( I R 


PR \ MOnF 


3AD1 


0920 


SINIRB 


R2* , R13 , R9 


% 


(IR, 


PR) MODE 


3AD8 


0920 


INDRB 


R2" .Rl ^ R9 




( IR 


PR ^ MflDF 


3AD8 


0928 


INDB 


R?" .Rl T RQ 


15 


f TR 




3AD9 


0920 


SINDRB 


R2" , R13 , R9 


% 


(IR 


PR) MODE 


3AD9 


0928 


SINDB 


R 1 ^ RQ 

1 \ f r\ A. ^ f i\ Zf 




( IR 


PR ^ MOHF 


3B 2 2 




OUT T 


R 1 ^ R 9 RQ 




/TP 
^ X K 


DR ^ p 


3B22 


09D0 


OTIR 


Rl 3 , R2" , R9 


% 


{ I R 


PR 1 MDDF 

IT l\ y 1 1WX>J_J 


3B23 


09D0 


SOTIR 


Rl 3 , R2" , R9 


% 


( I R 


PR 1 MODF 


3B23 


09D8 


SOUTI 


Rl 3 R?~ RQ 


% 


( I R 


PR MOnF 


3B2A 


09D8 


OUTD 


R13 , R2" , R9 


% 


( IR 


PR^ MODF 


3B2A 


09DO 


OTDR 


R13 , R2' , R9 


% 


( IR 


PRl MODE 


3B2B 


09D0 


SOTDR 


Rl 1 R?' RQ 


% 


( I R 


PR ^ MODF 


3B2B 


09D8 


SOUTD 


Rl ■? . R?* . RQ 


% 


( IR 1 


PR^ MODF 


3B44 


OFCO 


IN 


jt \i *- f 




f PA 

\ *■ " 


Mr»nR 

1*1 Ei 


TR4R 






r\% r IT ^- U ; 






nuutj 




n pr n 


•niTT 


flnp*'Pn Rd • 


a. 


/DAI 








ouu 1 


ffUrt-U r K^i ; 




/DA 


nuu t 




Z 


T M T 
X IN 1 


DO* D1T DQ 




/ T D 


rri ) rlUUt, 


3BD0 


0920 


IN I R 


W?" R 1 3 RQ 


ft 


( I R 


PR ^ MnnF 


3BD1 


0920 


SINIR 


R? ~ R 1 3 RQ 


% 


( I R 


PR^ MODF 


3BD1 


0928 


SIN I 


R 9 " R 1 1 RQ 


% 


( I R 


PR 1 MDHF 


3BD8 


0920 


INDR 


R2' ,R13 , R9 


% 


( I R 


PR) MODF 

k l\ J 11 V-/ x-/ LJ 


3BD8 


09 28 


IND 


R7* Rl 3 RQ 


% 


( IR 


PR 1 MODF 


3BD9 


0920 


SINDR 


R2" ,R13,R9 


% 


(IR 


PR) MODE 


3BD9 


0^28 


SIND 


R2* ,R13,R9 


% 


(IR 


PR ) MODE 


3CD4 




TMR 

i. n D 




a 
% 


/ DR 


1*1 uut 


inn 4 




TM 


R4,R13; 


% 


/ DD 










R13,RH4; 


% 




MUD IS 








R13,R4; 


% 


/DO 


r'njuci 


U U D 




Anr\R 


RH6, LAB; 


% 


( UA 


MUUh. 




A '>r\ f\ 
4 jU U 


ADDB 


RH6,LAB{R1) ; % 


(X) 


MODE 




A ^ f\ r\ 


ADD 


R6,LAB; 


% 


(DA 


MODE 




/I T n n 
4 J u u 


AUU 


R6,LAB(R1); % 


CX) 


MODE 


4 9 n 

4 ^ u u 


A 'inn 
4 J u u 


U D D 


RH6,LAB; 


% 


/ Tt A 
\ JJ A 




*i Z ± 


4 7 n n 
'J -5 u u 


CITRR 
OUDD 


RH6,LAB(R1); % 


( A ) 


MUDb 


4 306 


4300 


SUB 


R6, LAB; 


% 


( DA 


MODE 


4316 


4 300 


SUB 


R6,LAB(R1); % 




MODE 


4407 


4 300 


ORB 


RH7 , LAB; 


% 


(DA 


MODE 


4417 


4300 


ORB 


RH7,LAB{R1); % 




MODE 


4507 


4300 


OR 


R7, LAB; 


% 


(DA 


MODE 


4517 


4300 


OR 


R7,LAB(R1); % 


(X) 


MODE 


4607 


4300 


ANDB 


RH7,LAB; 


% 


(DA 


MODE 


4617 


4300 


ANDB 


RH7,LAB{R1) ; % 


(X) 


MODE 


4707 


4300 


AND 


R7, LAB; 


% 


(DA) 


MODE 


4717 


4300 


AND 


R7,LAB(R1); % 


(X) 


MODE 



B-4 



4807 


4300 






XORB 


4817 


4300 






XORB 


4907 


4300 






XOR 


4917 


4300 






XOR 


4A06 


4300 






CPB 


4A16 


4300 






CPE 


4B06 


4300 






CP 


4B16 


4300 






"CP 


4C0O 


4300 




, 1 ( /1 1 a . 


. COMB 


4C01 


4300 


0505 


; ( 1 ; 


' GPB 


4C02 


4300 




• ■ r \ 

r 


:NEGB 


4L U 4 


4300 






TESTB 


4C05 


4300 


0505 




LDB 


4C06 


4300 






TSETB 


4C08 


4300 






CLRB 


4C10 


4300 






COMB 


4C11 


4300 


0505 




CPB 


4C12 


4300 






NEGB 


4C14 


4300 






TESTB 


4C15 


4300 


0505 




LDB 


4C16 


4300 






TSETB 


it 18 


4300 




! ri ■ 6AJ % 


' GLRB 


|t»00 


4300 




;6AJ 


^&m 


Id 01 


4300 


0005 




CP 


4D02 


4300 






NEG 


4D04 


4300 






TEST 


4D05 


4300 


0005 




LD 


4D06 


4300 






TSET 


4D08 


4300 






CLR 


4D10 


4300 






COM 


4D11 


4300 


0005 




CP 


4D12 


4300 






NEG 


4D14 


4300 






TEST 


4D15 


4300 


0005 




LD 


4D16 


4300 




- ■ 




M)18 


4300 








3. 








> ■< J 


5006 


4300 






CPL 


5016 


4300 






CPL 


51C0 


4300 






PUSHL 


51C1 


4300 






PUSHL 


5206 


4300 






SUBL 


5216 


4300 






SUBL 


53C0 


4300 






PUSH 


53C1 


4300 




■ 


PUSH 


5406 


4300 




( 1 H'l 6/ 


LDL 


5416 


4300 






LDL 


55C0 


4300 






POPL 


55C1 


4300 






POPL 


5606 


4300 






ADDL 


5616 


4300 






ADDL 


57C0 


4300 






POP 


57C1 


4300 






POP 


5808 


4300 






MULTL 


5818 


4300 






MULTL 


5908 


4300 






MULT 



no "7 TAD. 

KH / , LAB ; 


% 


{ DA ) 


MUUh 


KH / , LAd (Hi); 


% 


(X) 


MUUL 


R7 , LAB ; 


% 


(DA) 


MODE 


R / , LAB ( R 1 ) ; 


% 


(X) 


MODE 


Ot4 ^ TAD. 
KM D ^ LiAd ; 








KHo , LAb ( H J. ; ; 


% 


(X) 


MODE 


R6 , LAB ; 


% 


(DA) 


MODE 




a, 

^ m 


(X) 




LAd ; '-' 


% 


(DA) 


MODE 


LAD ( 5? 


% 


(DA) 


MODE 


LAd ; ■ 


% 


(DA) 


fluUh 


TAD. 

LAt5 ; 


Q. 


( UA } 




LAB , 5 ; 


% 


(DA) 


Ti/t T~\ 

MODE 


LAB ; 


% 


(DA) 


MODE 


LAB ; 


% 


(DA) 


MODE 


LAB ( R 1 ) ; 


% 


(X) 


MODE 


LAB (Rl) , 5; 


% 


(X) 


MODE 


LAB (Rl) ; 


% 


(X) 


MODE 


LAB(Rl) ; 


% 


(X) 


MODE 


LAB (Rl) , 5} 


1 


(X) 


MODE 


LAB (Rl) ; 


% 


(X) 


MODE 


LAB (Rl) ; 


% 


(X) 


MODE 


LAB; 


% 


(DA) 


MODE 


LAB , 5; 


% 


(DA) 


MODE 


LAB ; 


% 


(DA) 


MODE 


LAB ; 


% 


(DA) 


MODE 


LAB , 5 J 


% 


(DA) 


MODE 


LAB ; 


% 


(DA) 


MODE 


LAB ; 


% 


(DA) 


MODE 


LAB (Rl ) ; 


% 


(X) 


MODE 


LAB (Rl) , 5i 


% 


(X) 


MODE 


LAB (Rl) ; 


% 


(X) 


MODE 


LAB (Rl) ; 


% 


(X) 


MODE 


LAB(Rl) ,5; 


1 


(X) 


HOBE 


LAB (Rl) ; 


1 


(x;) 


M©DE 


LAB (Rl) ; 


% 


(X) 


MODE 


RR6 , LAB ; 




(DA) 


MOBE 


RR6 , LAB (Rl ) ; 


% 


(X) 


MODE 


Rl 2 ' , LAB ; 


% 


(DA) 


MODE 


R12" , LAB (Rl) ; 


% 


(X) 


MODE 


RR6 , LAB ; 


% 


(DA) 


MODE 


RR6 , LAB ( Rl ) ; 


% 


(X) 


MODE 


Rl 2 " , LAB ; 


% 


(DA) 


MODE 


Rl 2 ' , LAB ( Rl ) ; 


% 


(X) 


MODE 


RR6 , LAB ; 


% 


(DA) 


MODE 


RR6 , LAB (Rl) ; 


% 


(X) 


MODE 


LAB,R12"; 


% 


(DA) 


MODE 


LAB (Rl) ,R12''; 


% 


(X) 


MODE 


RR6 , LAB ; 


% 


(DA) 


MODE 


KRb , LAB ( R 1 ) ; 


% 


(X) 


MODE 


LAB,R12"; 


% 


(DA) 


MODE 


LAB(Rl) ,R12"; 


% 


(X) 


MODE 


RQ8,LAB; 


% 


(DA) 


MODE 


RQ8,LAB(R1) ; 


% 


(X) 


MODE 


RR8 , LAB ; 


% 


(DA) 


MODE 



MX 





5918 


4300 


MULT 


RRR r AR 1 1 • 










5A08 


4300 


DI VL 


RQ8 , LAB ; 


% 


(DA) 


MODE 




5A18 


4300 


DIVL 


HQS , LAB (Rl ) ; 


% 


(XI 


MODE 




5B08 


4300 


DI V 


RRR r AR • 


a 


( DA ) 


MODE 




5B18 


4300 


DIV 


RR8 , LAB (Rl) ; 


% 


(X) 


MODE 




5C01 


0805 4300 


LDM 


R8 , LAB , 6; 


% 


(DA) 


MODE 




5C08 


4300 


TESTL 


LAB ; 


a 

'6 








5C09 


0805 4300 


' -, LDM 


LAB . R8 6 • 




(DA) 


I'l Will' Ei 


I 


5G11 


0805 4300 


ILDM 


t\0 f Ljr\0 \ T\ X } f " 1 






irt\JLJd 




RP 1 fl 
3^ li O 






LAd ( K i ; ; 


% 


(X) 


MODE 




5C19 


V O \J J tSJUU 


LDM 






t Y ^ 


rl «J L/ JCi 




5D06 


4300 


LDL 


TAR RR • 




( Vth \ 
V ^ t\ } 






5D16 


4300 
1 J u u 








(X) 


rlUUh 




5E08 


4300 


JP 


LAB ; 


St 




I'l U U Ij 




5E0E 


4300 


JP 


NZ,LAB; 


% 


(DA) 


MODE 




5E18 


4300 


JP 


LAB (Rl) ; 


% 


(X) 


MODE 




5E1E 


4300 


JP 


N7 r AR f R 1 W 










5F00 


4300 


CALL 


LAB ; 


% 


(DA ) 


MODE 




5F10 


4 300 


CALL 


r AR f R 1 1 • 




/ Y ^ 

V a; 


Mnnp 




6006 


4300 


LDB 


RH6 I AB • 




/ r»A ^ 


Mnnp 




6016 


4300 


LDB 


c\no f Ljr\o ^ n X J g 


a 
% 


^ Y ^ 


Mnrip 




6106 


4300 


LD 


r AR • 






Mnnp 




6116 


4300 


LD 


Rfi r AR 1 ^ • 




i Y ^ 


Mnr^p 




u ^ U U 


4 "inn 

J u u 




T TV D n . 


a 


\ } 


nuut. 




6210 


4300 


RESB 


T AR f R 1 1 n • 


ft 


I Y ^ 


M nr^P 




6300 


4300 


RES 


TAR ■ 

Lj r\ LS> f \J f 




f n A ^ 






6 310 


4 30 


RES 


r AR ^ R 1 ^ n • 


Q. 
? 




M nr>p 

I'l VJ u c* 




6400 


4300 


SETB 


LAB , ; 


% 


( DA ) 


MODE 




6410 


4300 


SETB 


LAB (Rl ) , ; 


% 




MODE 




6500 


4300 


SET 


TAR n ■ 




(■ n A "1 






6510 


4300 


SET 


LAB f R 1 1 n • 


% 


\^ J 


MODE 




6600 


4300 


BITS 


LAB ■ 






Monp 

PI WlJ' Et 




6610 


4^00 

*4 J U U 


RTTR 








M nnp 

1*1 VJiJ.i' JZi 


6700 


4300 


BIT 


LAB n • 


ft 


( DA ) 


Mnnp 


6710 


4300 


BIT 


T AR f R 1 ^ n • 


ft 
ft 


( Y 1 


Mnnp 


6803 


H jyJKJ 




TAR y1 • 


Q. 
ft 


I UA ) 






6813 


4300 


INCB 


T AR f R 1 ^ 4 • 


ft 
ft 


{A } 


M nnp 




6903 


4 T n n 


TMP 


TAR A • 


ft 
ft 


\ 'JA J 






6913 


4 3 00 


INC 


TAR^Rl^ A • 


a 
ft 


f Y \ 


i^'l U U Cj 


6A0B 


4 300 


DECB 


TAR 1 9 • 


a 
ft 


f r\A \ 
\ i-'" ) 


M nnp 

1*1 U U Ci 


1 6A1B 


4 30 


DECB 


r A R f R 1 'i 19" 


ft 
ft 


( y ^ 




6B0B 


4 1 n n 

*i J u u 




TAD IT. 


Q. 
'O 


t UA ) 


M n n c 
r I U L) b 


6B1B 


4 300 


DEC 


TARfRl^ 19» 


ft 
ft 




Mnnp 


6C06 


zi T n n 

fl J) u u 




D U ^ TAD. 
Kfl O f LiAtJ ; 


Q. 
ft 


/ A \ 
\ ) 


M n n i? 


6C16 


H J u u 


£j AD 


Du^ ^AI^/01^■ 
KriD / LAd ^ Kl ; ; 


Q. 
ft 


(A ) 


M nn ET" 


6D06 


*i J u u 


P Y 


D T & D • 

kd f LjAd ; 


q. 
ft 


( UA J 


M nn r 


6D16 


4300 


EX 


R6 , LAB (Rl) ; 


% 


(X) 


MODE 


6E06 


4300 


, , LDB 


LAB,RH6; 


% 


(DA) 


MORE 


6E16 


4300 


LDB 


r AR ^ R 1 V RH(^ • 


ft 
ft 






6F06 


4300 


LD 


LAB Rfi • 


ft 
ft 


(DA) 


MODE 


6FL6 


4300 


LD 


LAB (Rl) ,R6; 


% 


(X) 


MODE 


70 26 


0100 


LDB 


RH6,R2~ (Rl) ; 


% 


(BX) 


MODE 


7126 


0100 


LD 


R6 , R2" (Rl } ; 


% 


(BX) 


MODE 


7226 


0100 


LDB 


R2" (Rl) ,RH6; 


% 


(BX) 


MODE 



1 



I ' 

1 7325 


0100 




.R2" (Rl) ,R6; 


% 


(BX) 


MODE 


i 742B 


0100 




R11,-{R2"(R1)); 


% 


(BX) 


MODE 




0100 


LDL 


RR6,R2'' (Rl) ; 


% 


(BX) 


MODE 


761B 


4300 


LD 


R11,"LAB(R1) ; 


% 


(X) 


MODE 


1 7726 


0100 


LDL 


R2* (R1);,RR€; 


% 


(BX) 


MODE 


' 7900 


4300 


LDPS 


LAB ; 


% 


(DA) 


MODE 


7910 


4300 


LDPS 


.MJB(R|).f 


1 


(X) 


MODI 


7A00 




HALT; 










: 7B00 




IRET; 










7B08 




MSET; 










1 7B09 




MRES; 










7B0A 




MBIT; 










, 7BCD 




MREQ 


R12; 








] 7C01 




DI 


■VI; 








7C04 




EI 


NVI , VI ; 








7DC2 




LDCTL 


R12,FCW; 


% 


(R) 


MODE 


7DCA 




LDCTL 


FCW,R12; 


% 


(R) 


MODE 


7F2C 




SC 


44; 








1 8046 




ADDB 


RH6,RH4; 


% 


(R) 


MODE 


!; 8146 




ADD 


R6,R4; 


% 


(R) 


MODE 


§246 




SUBB 


RH6 , RH4; 


% 


(R) 


MODE 


»346 




SUB 


R6 , R4 ; 


% 


(R) 


MODE 


m47 




aSB 


RH7,RH4; 


% 


(R) 


MODE 


1 8547 




OR 


R7,R4; 


% 


(R) 


MODE 


1 8647 




ASDB 


RH7,RH4; 


1 


(R) 


MODE 


' 87 47 




AND 


R7,R4; 


1 


(R) 


MODE 


8847 




XQRB 


RH7,RH4; 


I 


(R) 


MODE 


8947 




XOR 


R7 , R4 ; 


% 


(R) 


MODE 


8A46 




CPS 


RH6,RH4; 


% 


(R) 


MODE 


8B46 




CP 


R6,R4; 


% 


(R) 


MODE 


8C40 




COMB 


RH4 ; 


% 


(R) 


MODE 


! 8C42 




; NEGB 


RH4; 


% 


(R) 


MODE 


1 8C44 




TESTB 


RH4; 


% 


(R) 


MODE 


8C46 




TSETB 


RH4; 


% 


(R) 


MODE 


8C48 




LAB: CLRB 


RH4 ; 


% 


(R) 


MODE 


8C71 




LDCTLB 


RH7 , FLAGS; 




(R) 


MODE 


8C79 




;i , LDCTLB 


FLAGS, RH7; 


% 


(R) 


MODE 


8D07 




- , ; MOP; 










8D40 




COM 


R4; 


% 


(R) 


MODE 


8D42 




NEG 


R4; 


% 


(R) 


MODE 


8D43 




RESFLG 


ZR; 








8D44 




TEST 


R4; 


% 


(R) 


MODE 


oU4o 




m f~> m 

TSET 


R4 ; 


% 


(R) 


MODE 


8D48 




CLR 


R4; 


% 


(R) 


MODE 


' ■ #071 




SETFLG 


ZR, SGN,OV; 








8DC5 




COMFLG 


CY , ZR; 








9046 




CPL 


RRG , RR4 ; 


% 


(R) 


MODE 


91C4 




PUSHL 


R12",RR4; 


% 


(R) 


MODE 


9246 




SUBL 


RR6 , RR4 ; 


% 


(R) 


MODE 


93C4 




PUSH 


R12'~ ,R4; 


% 


(R) 


MODE 


9446 




LDL 


RR6,RR4; 


% 


(R) 


MODE 


95C4 




POPL 


RR4,R12"; 


% 


(R) 


MODE 


9646 




ABDL 


RR6 , RR4 ; 


% 


(R) 


MODE 


97C4 

1 




POP 


R4,R12"; 


% 


(R) 


MODE 







MU'LTL 


9948 




MffLT 


9A48 




DIVL 


9B48 




DIV 


9C48 




TESTL 


9E08 




RET; 


9E0B 






A046 




LDB 


A146 




LD 


A240 




RESB 


A340 




RES 


A440 




SETB 


A540 




SET 


A640 




BITB 


A740 




BIT 


A843 




INCB 


A943 




INC 


AA4B 




DECB 


AB4B 




DEC 


AC46 




EXB 


AD46 




EX 


AE46 




TCCB 


AF46 




TCC 


B040 




DJSiB 


B180 




EXTSB 


B187 




EXTSL 


B18A 




EXTS 


B240 




RLB 


B241 


FFFE 


SRLB 


B241 


0002 


SLLB 


B243 


0900 


SDLB 


B244 




RRB 


B248 




RLCB 


B249 


0002 


SLAB 


8249 


FFFE 


SRAB 


B24B 


0900 


SDAB 


B24C 




RRCB 


B340 




RL 


B341 


0002 


SLL 


B341 


FFFE 


SRL 


B343 


0900 


SDL 


B344 




RR 


B345 


FFFE 


SRLL 


B34 5 


00 2 


SLLL 


B347 


0900 


SDLL 


B348 




RLC 


B349 


FFFE 


SRA 


B349 


0002 


SLA 


B34B 


0900 


SDA 


B34C 




RRC 


B34D 


0002 


SLAL 


B34D 


FFFE 


SRAL 


B34F 


0900 


SDAL 


B448 




ADCB 



R@8,RR4; 


% 


(R) 


MODE 


RR8 , R4 ; 


% 


(R) 


MODE 


RQ8 ,RR4; 


% 


(R) 


MODE 


RRft • 
r\rvo f r\*i g 




i R ^ 


ri \J JJ Ci 


RR4 ; 


% 


V " ^ 


MODE 


NZ ; 








r\nt) f r\ii*i f 




^ R ^ 




Rfi R4 • 


ft 


(R) 




RH4 , ; 


ft 


(^) 


MODE 


R4 . • 


a 


(R) 


MODE 






\" } 




R4 . • 


% 




MODE 


RH 4 n • 


a 


\ *^ / 


ri u !_/ Cj 


VI A n • 
K'i , u ; 


a 


/ D \ 


nuut. 


RH 4 A ' 




/DA 


Mnnp 


D /I A • 


Q. 


( K ) 


MODE 


RH4, 12; 


% 


(R) 


MODE 


R4,12; 


% 


(R) 


MODE 


riti D f Krl 4 / 


Q, 
% 


/ D \ 

^ K ; 








( K J 




















RH4 ; 




(R) 


MODE 


rvo t 


a 




M nnp 






/ D \ 
^ K ^ 


M r»r\ I? 
rlUJJtj 


r\r\t5 ; 


Q. 




rlUUb 


V>14 A 1 • 
Hrm f .1 } 








O XJ A o . 


% 


( R ) 


MODE 


uu A 9 • 

r\n H f £. f 


a 
? 


/ D \ 


rl UUE) 




g. 


/ D \ 
^ K J 


Pi UU b 




Q. 


/ D \ 
t K J 


rlUUL 


RH4 , 1 ; 




{ R ) 




RH A 9 • 




\t\. ) 


Mnnp 


RH ^ o , 
Ktl** / ^ J 


a 

tB 


\X\) 


Mnnp 


RH^ RQ • 


a 


\t\ ) 


Mnnp 




% 


tV)\ 
\T\) 


M nrvTS' 


D4 1 • 




/ D \ 


M nr\c 


13 yl "5 • 
, z ; 




( K J 


nuuti 


R4 , 2 ; 


% 


( R ) 


MODE 


R4 , R9 ; 


% 


(R) 


MODE 


R4 , 1 ; 


% 


(R ) 


MODE 


RR 4 , 2 ; 


% 


(R ) 


MODE 


RR4 , 2 ; 


% 


(R ) 


MODE 


HR 4 , Ry ; 


% 


( R ) 


MODE 


H4 ; 


% 


( R ) 


MUUb 




Q. 
tl 








Q, 






R4 , R9 • 




( R ) 


MODE 


R4 , 1 ; ' 


% 


(R) 


MODE 


RR4, 2; 


% 


(R) 


MODE 


RR4, 2; 


% 


(R) 


MODE 


RR4 , R9 ; 


% 


(R) 


MODE 


RH6,RH4; 


% 


(R) 


MODE 



B-e 



B546 




ADC 


R6,R4; 




% 


(R) 


MODE 


B645 




SBCB 


RH5,RH4; 




% 


(R) 


MODE 


B745 




SBC 


R5 , R4 ; 




% 


f Rl 


MODE 


B8B0 


0620 


TRIE 


Rll"^ , R2'~ , R6 




% 


( IR) 


MODE 


B8B2 


0620 


TRTIB 


Rll ' , R2* , R6 




% 


{ IR ) 


MODE 


B8B4 


0620 


TRIRB 


Rll ' , R2'' , R6 




% 


( IR ) 


MODE 


B8B6 


062E 


TRTI RB 


Rll" , R2* , R6 




% 


( I R ) 


MODE 


B8B8 


0620 


TRDB 


Rll* ,R2" ,R6 




a 


( I R ) 


MflTlP 


B8BA 


06 20 


TRTDB 


Rll" , R2" , R6 










B8BC 


0620 


TRDRB 


Rll* ,R2' ,R6 






/ T R ^ 


Monp 

1*1 \Ji-i £( 


B8BE 


062E 


TRTDRB 


R11*,R2",R6 






( IR) 




BA20 


0765 


CPIB 


RH6,R2",R7,,«I| 




/ T R ^ 




iA21 


0988 


LDIB 


R8" ,R2" ,Rf ; 






^ T R ^ 




BA21 


0980 


LDIRB 


R8",R2'',R9; 




a 


( IR ) 


i*iux/o 


BA22 


07BE 


CPS IB 


R11'',R2",R7,NE; 




( I R ) 




BA24 


0765 


CPIRB 


RH6,R2*,R7,MI; 


% 


( IR ) 


MODE 


BA26 


07BE 


CPSIRB 


R11",R2*,R7,NE; 


% 


( I R ) 


MODE 


BA28 


0765 


CPDB 


RH6,R2*,R7,MI; 


% 


( IR ) 


MODE 


BA29 


0988 


LDDB 


R8* ,R2' ,R9; 




% 


( I R } 


MODE 


BA29 


0980 


LDDRB 


R8* ,R2',R9; 




% 


{ I R ) 


MODE 


BA2A 


07BE 


CPSDB 


R11" ,R2* ,R7,NE; 


9; 


( I R ) 


VWJXJlit 


BA2C 


076 5 


C PDRB 


RH6, R2'' ,R7,MI ; 






M r\r\i? 


BA2E 


07BE 


ppcnRR 
o L/rvo 


Rll" ,R2" ,R7,NE; 


? 


/ T D ^ 




BB 20 


0765 




R6,R2* ,R7,MIf 


% 




MUUEi 


BB21 


U J? o u 




R8",R2~,R9; 




% 


( J. K ; 




BB21 


0Q88 

W 17 O O 




R8'',R2",R9; 






/ T D \ 

I J- K J 


M OTM? 






r'DC T 


Rll* ,R2* ,R7,NE; 


% 


(in) 




RR94 




PDT D 


R6 , R2* ,R7 ,MI ; 


% 


( I R ) 


MODL 


SB 26 


07BE 


^iro X F\ 


Rll" ,R2* ,R7,NE; 


Q. 




M r\r\i? 
MUUtj 


BB28 


0765 


c pn 


R6 ,R2" ,R7 ,MI ; 




^ T U > 


nuuti 


BB29 


0980 


XiX/Lin 


R8" ,R2* ,R9; 




% 


^ T D A 

I, i K J 


jmUU Cj 


BB29 


0988 


LDD 


R8* ,R2* ,R9; 




% 


( I R ) 


MODE 


BB2A 


07BE 


CPSD 


Rll" ,R2" ,R7,NE; 


% 


(IR) 


MODE 


BB2C 


0765 


CPDR 


R6,R2",R7,MI; 


% 


CIR) 


MODE 


BB2E 


07BE 


CPSDR 


R11",R2",8'7,1J-E; 


% 


(IR) 


MODE 


BC47 




RRDB 


RH7 , RH4 ; 




% 


(R) 


MODE 


BD48 




LDK 


R4,8; 




% 


(R) 


MODE 


BE47 




RLDB 


RH7,RH4; 




% 


(R) 


MODE 


C605 




LDB 


RH6,5; 




1 


(IM) 


MODE 








LAB 2; 




» 


( K A ) 




iSEB 




JR 


LAB 2 ; 




% 


(RA) 


MODE 


EEEC 




JR 


NZ , LAB2; 




% 


(RA) 


MODE 


F788 




DJNZ 


R7, LAB2; 




% 


(RA) 


MODE 


PF07 






RL7,LA»tj 




1 


(RA) 


MODE 



B-9 



I 



I 

I 

I 



; 1- . as "JCA 
i'-i '.'1 ■ ' •■' ■ ■■A-S,^H QQA 



ac 



., -.1 



I'' 



Q'/r 

^ LIMA 

APPENDIX C 
AmZSOOO INSTRUCTION SET: 



=aon (Rii 



•,0'' n 



(AC; 
< X > 



Tin 

Tie 

TIC 

T' P 



>«v;a.i jjaii 

3 JO"; ■ , v| A,l .1 T". 



!iS-1 



^ 1 rt c 
4 iUb 


A "3 r\t\ 




ADD 


Kb r LAB ; 


% 


(DA) 


MODE 


fi ± ± D 


flo u u 




nUU 


kd / LiAd (Kx ; ; 




(X) 


MODE 


n 1 

u xu o 


ooo 






Kb f o; 


Q. 




MUUfci 


U X ZD 






nJJU 


DC DO • 




( i K ; 


MUDfcj 


8046 






ADDB 


^ PH 4 • 


a 


^ R > 


I'l U U Ij 


4006 


4300 




ADDS 


RH fi r AR ■ 




( DA ) 




4016 


4300 




ADDB 


RHfi T AR 1 ^ • 

I \ 1 1 1 ) ^ Lj r\ D y f\ J. y ^ 




\ ^ ) 


rlKJLJVj 


00 26 






ADDB 


RH 6 R ? ~ • 




f T R ^ 




9646 






ADDL 


RR6 RR4- 




( R ) 


MODE 


1606 


onon nnns 

V/ KJ \J \J \J \.J ^ 




ADDL 


RR fi ^ • 








16 26 






ADDL 






^ X K J 




J O U \) 


T J u u 




A nr\r 

nUUL, 


D D C TAD. 

KKO / LAD f 


« 


(DA ) 


MODE 


Dt> 1 D 


4 JUU 




ADDL 


RR6 , LAB ( Rl ) ; 


% 


(X) 


MODE 


o / fi / 






AND 


D "7 Til ^ - 

K / , K4 ; 


% 


(R) 


MODE 


*i / U / 


A T n o 
ft J u u 




A K1F\ 


D T T A 13 . 

K / , LAB ; 


% 


(DA) 


MODE 


4717 


J u u 




AKir\ 


K / , LAB ( Kl ; ; 


% 


(X) 


MODE 


0707 


UU U J 




ANJJ 


K / , b ; 


% 


( IM ) 


MODE 


0777 






Awn 


R 7 D ^ . 


q. 


( I R ) 


MODE 


O D *i / 






ANUd 


D I-I 7 D U /I . 


% 


{ R ) 


MUUb 


4607 


4300 




ANDB 


RH7 , LAB; 


% 


(DA) 


MODE 


4617 


4300 


- ■ 


ANDB 


RH7, LAB (Rl) ; 


% 


(X) 


MODE 


n n 7 
U D u / 


n c n c 




ANDB 


RH 7,5; 


% 


( IM ) 


MODE 


n 9 7 

U U / 








Hn / , K z ; 


q. 
15 


/ T D \ 

t 1 K ; 


MUUL 


2 7 


04 
U *4 u u 




R T T 
oil 




q, 
S 


(H) 


MODE 


2720 






R T T 


K Z f U ; 


q, 


/ T D \ 

t i K ; 


MUUEj 


A740 






R T T 


R 4 O • 




(K) 




7 n n 


4 7 o o 
** J u u 




D T T 


r A 13 n ■ 
LAB r U ; 


% 


(DA ) 


MODE 


fi7 1 


4 100 
ft J u u 




13 X 1 


rAD/Di\ n« 
LAB ^ K X J / U / 




(X) 


MODE 


^ D U O 


04 00 
U *i u u 




D X 1 O 


DU 4 D C - 


« 


(R ) 


MODE 


2620 






BITB 


R2'^,0; 


% 


(IR) 


MODE 


A640 






BITB 


RH4 , ; 


% 


(R) 


MODE 


660 


4 300 




BITB 


LAB , ; 




\ L-'rt } 




6610 


4^00 

*4 J U U 




R T TR 


rAD/Dl\ n, 

LAD V K X J / u ; 


Q. 


(X) 




1F20 




LAB 2 : 


CALL 


R2 " ; 








R R n n 

J r u u 


4 n 

4 J u u 




CALL 


TAD. 

LAtS ; 


% 


( DA ) 


MUUb 


^ p 1 n 
D r 1 u 


4 '3 O O 
1 J u U 




CALL 


LAB ( Hi J ; 


% 


(X) 


MODE 


r\ n n c 






CALR 


LAB2 ; 


% 


(RA) 


MODE 


n r\ o Q 
UUZo 






CLR 


R2 ; 


% 


(IR) 


MODE 








CLR 


R4 ; 


% 


(R) 


MODE 


4UUo 


A f\ n 
4 JUU 




CLR 


LAB ; 


% 


(DA) 


MODE 


yi 1 o 
4U1 o 


4300 




CLR 


LAB (Rl ) ; 


% 


(X) 


MODE 








CLRB 


RH4 ; 


% 


(R) 


MODE 


4P Of? 
Uo 


4 "3 n o 
ft J u u 




T D D 


T A □ . 

LAB ; 


% 


(DA) 


MODE 


AC 1 


4 "5 o n 




T D D 

L. LjKd 


LAB ( KJL ) ; 


% 


(X) 


MODE 


OC 28 






C LK 13 


R 7 . 

K z ; 


« 


/ T D \ 
(. i K J 


MUUh 


O U 1 u 






C UrI 




% 


(R ) 


MOUb 




4 O 
*i J U U 




L. Url 


r A Ui . 
LAtS ; 


% 


(DA ) 


MODb 


4 D 10 


4300 




COM 




a 


I A ) 


M nn p 

I*! UU Ci 


0D20 






COM 


R2%- 


% 


(IR) 


MODE 


3C40 






COMB 


RH4; 


% 


(R) 


MODE 


4C00 


4300 




COMB 


LAB; 


% 


(DA) 


MODE 



Ct2 



















4C10 


4300 




COMB 


LAB(Rl) ; 


% 


(X) 


MODE 


0C20 






COMB 


R2~? 


« 


(IR) 


MODE . , 


8DC5 






COMFLG 


CY,ZR; 








0D21 


0005 




CP 


R2",5; 


% 


(IR) 


MODE 


8B46 




; 1 L'A] ' 


CP 


R6 , R4 ; 


% 


(R) 


MODE 


4B06 


4300 




CP 


R6 , LAB ; 


% 


(DA) 


MODE 


4B16 


4300 




'^'■^ 


R6,LAB(R4)i 


% 


(X) 


MODE 


0B06 


0005 




CP 


R6,5; 


% 


(IM) 


MODE 


4D01 


4300 0005 




CP 


LAB , 5 ; 


% 


(DA) 


MODE 


0B26 






CP 


R6,R2"; 


% 


(IR) 


MODE 


4D11 


4300 ,0005 


; ( t - 


CP 


LAB (Rl) , 5; 


% 


(X) 


MODE 


8A46 




CPB 


RH6,RH4; 


% 


(R) 


MODE 


! 0A06 


0505 




CPB 


RH6,5; 


% 


(IM) 


MODE 


4A06 


4300 




CPB 


RH6, LAB; 


% 


(DA) 


MODE 


4A16 


4300 




CPB 


RH6,LABf»l) 1 


% 


(X) 


MODE 


0A26 






CPB 


RH6,R2'*j 


% 


(IR) 


MODE 


4C01 


4300 0505 




CPB 


LAB,5; 


% 


(DA) 


MODE 


4C11 


4300 0505 




CPB 


LAB(Rl) ,5j 


% 


(X) 


MODE 


0C21 


0505 




CPB 


R2~,5; 


% 


(IR) 


MODE 


BB28 


0765 




CPD 


R6 , R2" , R7 ,MI ; 


% 


(IR) 


MODE 


BA28 


0765 




CPDB 


RH6 , R2* ,R7 ,MI ; 


% 


(IR) 


MODE 


' BB2C 


0765 




CPDR 


R6 , R2'' ,R7 , MI ; 


% 


(IR) 


MODE 


BA2C 


0765 




CPDRB 


RH6 , R2* , R7 ,MI ; 


% 


(IR) 


MODE 


BB20 


0765 




CPI 


R6 , R2" , R7 ,MI ; 


% 


(IR) 


MODE 


BA20 


0765 




CPXB 


RH6,R2* ,R7,MI; 


% 


(IR) 


MODE 


BB24 


0765 




CPIR 


R6,R2",R7,MI,• 


% 


(IR) 


MODE 


BA24 


0765 




CPIRB 


RH6,R2~,R7,ilI; 


% 


(IR) 


MODE 


1006 


0000 0005 




CPL 


RR6,5; 


% 


(IM) 


MODE 


9046 








RR6,RR4| 
RR6,R2''; ' 


t 


(R), 


MODE 


1026 






CPL 


t 


(IR) 


MODE 


5006 


4300 




CPL 


RR6, LAB; 


% 


(DA) 


MODE 


5016 


4300 




CPL 


RR6, LAB (Rl) ; 


% 


(X) 


MODE 


BB2A 


07BE 




CPSD 


Rll* ,R2* ,R7 , NE 


% 


(IR) 


MODE 


BA2A 


07BE 




CPSDB 


Rll" , R2'' , R7 ,NE 


% 


(IR) 


MODE 


1 BB2E; 


07BE 




CPSDR 


Rll" ,R2'~ ,R7,NE 


% 


(IR) 


MODE 


BA2E 


07BE 


: Pi' . 


CPSDRB 


Rll' , R2" , R7 , NE 


% 


(IR) 


MODE 


n D o o 


n "7 Q c 


C PS I 


Kii ,R2 ,R/,NE 


% 


( IR) 


MODE 


BA22 


07BE 




CPSIB 


Rll" , R2" , R7 , NE 


% 


(IR) 


MODE 


BB26 


07BE 




CPSIR 


Rll" , R2" , R7 , NE 




(IR) 


MODE 


BA26 


07BE 




CPSIRB 


R11",R2",R7,NE 


% 


(IR) 


MODE 


B040 






DAB 


RH4; 


% 


(R) 


MODE 


FF07 






DBJNZ 


RL7,LAB2; 


% 


(RA) 


MODE 


6B0B 


4300 




DEC 


LA^.12; 


% 


(DA) 


MOpE r 


6B1B 


4300 




DEC 


LA6 (Rl) , 12; 


% 


(X) 


MODE 


2B2B 






- ©ECt 


R2* , 12; 


% 


(IR) 


MODE 


! ab4b 








R4 , 12; 


% 


(R) 


MODE 


6A0B 


4300 




DECB 


LAB ,12; 


% 


(DA) 


MODE 


6A1B 


4300 




DECB 


LAB (Rl) , 12; 


% 


(X) 


MODE 


2A2B 






DECB 


R2* , 12; 


% 


(IR) 


MODE 


AA4B 






DECB 


RH4 , 12; 


% 


(R) 


MODE 


7C01 






DI 


VI; 








' 9B48 






DIV 


RR8,R4; 


% 


(R) 


MODE 


5808 


4300 




DIV 


RR8,LAB; 


% 


(DA) 


MODE 


5B18 


4300 




DIV 


RR8,LAB(R1) ; 


% 


(X) 


MODE 


1B08 


0005 




DIV 


RR8,5; 


% 


(IM) 


MODE 



a 



J 



1 


IB 28 






DIV 


RR8,R2"; 


% 


(IR) 


MODE 


1 


9A48 






DIVL 


RQ8,RR4; 


% 


(R) 


MODE 


1 


5A08 


4300 




DIVL 


RQ8,LAB; 


% 


(DA) 


MODE 


' 


1A08 


0000 0005 




DIVL 


RQ8,5; 


% 


(IM) 


MODE 




5A18 


4300 




DIVL 


RQ8,LAB(R1); % 


(X) 


MODE 




1A28 






DIVL 


RQ8,R2''; 


% 


(IR) 


MODE 




F788 




■, ' ; 


DJNZ 


R7,LAB2; 


% 


(RA) 


MODE 




7C04 






EI 


NVI , VI ; 










6D06 


4300 




EX 


R6 , LAB ; 


% 


(DA) 


MODE 




6D16 


4300 




EX 


R6,LAB(R1); % 


(X) 


MODE 




2D26 






EX 


R6,R2''; 


% 


(IR) 


MODE 




AD46 






EX 


R6,R4; 


% 


(R) 


MODE ' 




6C06 


4300 




EXB 


RH6, LAB; 


% 


(DA) 


MODE 




6C16 


4300 ; 




EXB 


RH6,LAB(R1); % 


(X) 


MODE 




2C26 






EXB 


RH6,R2"; 


% 


(IR) 


MODE 




AC 4 6 






EXB 


RH6,RH4; 


% 


(R) 


MODE 




B18A 






EXTS 


RR8; 


% 


(R) 


MODE 




B180 






EXTSB 


R8; 


% 


(R) 


MODE 




B187 






EXTSL 


RQ8; 


% 


(R) 


MODE 




7A00 






HALT; 












3B44 


OFCO 




IN 




a 
^ 


(PA) 


MODE ' 




3DD4 






IN 


R4,R13; 


% 


(PSi) 


MODE 




3CD4 






INB 


RH4 , R13 ; 


% 


(pR) 


MODE 




3A44 


OFCO ' 




I MB 


Rn4 , #OFCO; 


% 


(PA) 


MODE 




6903 


4300 




INC- 


LAB , 4 ; 


% 


(DA) 


MODE 




6913 


4300 




IMC' 


LAB(Rl) ,4; 


% 


(X) 


MODE 




2923 






in6 


R2-',4; 


% 


(IR) 


MODE 




A943 






INC 


R4,4; 


% 


(R) 


MODE 




6813 


4300 




INCB 


LAB (Rl) , 4; 


% 


(X) 


MODE 




2823 






INCB 


R2" , 4; 


% 


(IR) 


MODE 




A843 






INCB 


RH4,.4; 


% 


(R) 


MODE 




6803 


4300 




INCB 


LAB , 4 ; 


% 


(DA) 


MODE 




3BD8 


0928 




IND 


R2" ,R13,R9 


% 


(IR,PR) MODE 




3AD8 


0928 




INDB 


R2",R13,R9 


% 


(IR,PR) MODE 




3BD8 


0920 




INDR 


R2" ,R13,R9 


% 


(IR,PR) MODE 




3AD8 


0920 




INDRB 


R2",R13,R9 


% 


(IR,PR) MODE 




3BD0 


0928 




INI 


R2',R13,R9 


% 


(IR,PR) MODE 




3AD0 


0928 




INIB 


R2" ,R13,R9 


% 


(IR,PR) MODE 




3BD0 


0920 




INIR 


R2'',R13,R9 


% 


(IR,PR) MODE 




3AD0 


0920 




INIRB 


R2' ,R13, R9 


% 


(IR.PR) MODE 




1 7B00 






IRET; 












1E2E 






JP 


NZ , R2" ; 


% 


(IR) 


MODE 




5E08 


4300 




JP 


LAB; 


% 


(DA) 


MODE 




5E0E 


4300 




JP 


NZ , LAB; 


% 


(DA) 


MODE 


5E18 


4300 




JP 


LAB (Rl) ; 


% 


(X) 


MODE 


5E1E 


4300 




JP 


NZ,LAB(R1); % 


(X) 


MODE 


1E28 






JP 


R2"; 


% 


(IR) 


MODE 


E8EB 






JR 


LAB 2; 


% 


(RA) 


MODE 


EEEC 






JR 


NZ,LAB2; 


% 


(RA) 


MODE 


2106 


0005 




LD 


R6,5; 


% 


(IM) 


MODE 




6F06 


4300 




LD 


LAB , R6 ; 


% 


(DA) 


MODE 



C-4 



6f 1:6 


4300 


; ' HflD . 


LAB(Rl) ,R6; 




% 


(X) 


MODE 


71 2« 


0100 




R6,R2" (Rl) ; 




% 


(EX) 


MODE 


210B 


4300 


LD 


R11,~LAB; 




% 


(DA) 


MODE 


7326 


0100 


LD 


R2~ (Rl) ,R6; 




% 


(BX) 


MODE 


742B 


0100 


LD 


Rll , " (R2" (Rl) ) ; 


% 


(BX) 


MODE 


2126 




LD 


R6 , R2'~ ; 




% 


(IR) 


MODE 


761B 


4300 


LD 


Rll,~LAB(Ra)^ 


% 


(X) 


MODE 


0D25 


0005 


LD 


R2* ,5; 




% 


( IR) 


MODE 


342B 


0014 


LD 


Rll,' (Rt*(2 




% 


(BA) 


MODE 


A146 




LD 


R6 , R4 ; 




% 


(R) 


MODE 


2F26 




LD 


R2'' , R6; 




% 


(IR) 


MODE 


1 3126 


0014 


.:.-tI,D 


R6,R2" (20) 1 




% 


(BA) 


MODE 


4D05 


4300 GOO'S 




LAB , 5 ; 




% 


(DA) 


MODE 


3326 


0014 




R2" (20) ,R6| 




% 


(BA) 


MODE 


6106 


4300 


: ^ • 'LD 


R6,LAB; 




% 


(DA) 


MODE 


6116 


4300 


LD 


R6 , LAB (Rl ) ; 




O, 

'o 


(X) 


MODE 


4D15 


4300 0005 


LD 


LAB (Rl) ,5; 




% 


(X) 


MODE 


2026 




LDB 


RH6 , R2'~ ; 




% 


( IR) 


MODE 


6E06 


4300 


LDB 


LAB,RH6; 




% 


(DA) 


MODE 


6E16 


4300 


LDB 


LAB (Rl) ,RH6; 


% 


(X) 


MODE 


7026 


0100 


LDB 


RH6 , R2" (Rl) ; 


% 


(BX) 


MODE 


7226 


0100 


LDB 


R2" (Rl) ,RHij 


% 


(BX) 


MODE 


A046 




LDB 


RH6,RH4; 




% 


(R) 


MODE 


2E26 




LDS 


B2'',RH6; 




% 


(IR) 


MODE 


4C05 


4300 0505 


•LDB' 


E,AB,5; 




% 


(DA) 


MODE 


3026 


0014 


•_I,D1' 


RH6,R2' (20) ,- 


% 


(BA) 


MODE 


4C15 


4300 0505 




LAB ( R 1 ) , 5 ; 




% 


(X) 


MODE 


3226 


0014 




R2" (20) ,RH6; 


% 


(BA) 


MODE 


C605 




LDB 


RH6 , 5; 




% 


(IM) 


MODE 


0C25 


0505 


LDB 


R2' , 5; 




% 


(IR) 


MODE 


6006 


4300 


LDB 


RH6, LAB; 




% 


(DA) 


MODE 


6016 


4300 


LDB 


RH6 , LAB (Rl) ; 


% 


(X) 


MODE 


7DC2 




LDCTL 


R12,FCW; 




% 


(R) 


MODE 


7DCA 




LDCTL 


FCW,R12; 




% 


(R) 


MODE 


8C71 




LDCTLB 


RH7, FLAGS; 




% 


(R) 


MODE 


8C79 




LDCTLB 


FLAGS , RH7; 




% 


(R) 


MODE 


BB29 


0988 


LDD 


R8",R2",R9; 




% 


(IR) 


MODE 


BA29 


0988 


LDDB 


R8",R2~ ,R9; 




% 


(IR) 


MODE 


BB29 


0980 


LDDR 


R8'',R2',R9; 




% 


(IR) 


MODE 


BA29 


0980 


LDDRB 


R8~,R2",R9; 




% 


(IR) 


MODE 


BB21 


0988 


LDI 


R8'',R2'",R9; 




% 


(IR) 


MODE 


BA21 


0988 


LDIB 


R8",R2" ,R9 5 




% 


(IR) 


MODE ■ 


BB21 


0980 


LDIR 


R8'",R2',R9; 




% 


(IR) 


MODE 


BA21 


0980 


LDIRB 


R8" , R2" , R9; 




% 


(IR) 


MODE 


BD48 




LDK 


R4,8; 




% 


(R) 


MODE 


7526 


0100 


■ ( LDL 


RR6 , R2~ (Rl ) 




% 


(BX) 


MODE 


7726 


0100 


LDL 


R2' (Rl) ,RR6; 


% 


(BX) 


MODE 


5416 


4300 


LDL 


RR6 , LAB (Rl) 




% 


(X) 


MODE 


5406 


4300 


LDL 


RR6 , LAB; 




% 


(DA) 


MODE 


9446 




LDL 


RR6,RR4; 




% 


(R) 


MODE 


3526 


0014 


LDL 


RR6 , R2" (20) 




% 


(BA) 


MODE 


1406 


0000 0005 


LDL 


RR6 , 5; 




% 


(IM) 


MODE 


1426 




LDL 


RR6,R2~; 




% 


(IR) 


MODE 


3726 


0014 


LDL 


R2" (20) ,RR6; 


% 


(BA) 


MODE 


5D06 


4300 


LDL 


LAB , RR6 ; 




% 


(DA) 


MODE 


5D16 


4300 


LDL 


LAB(Rl) ,RR6; 


% 


(X) 


MODE 



I 





1D26 






LDL 


R2* RRfi- 


% 


f T R 1 


MODE 




5C01 


0805 


4300 


LDM 


R8 , LAB , 6 ; 


% 


(Dh) 


MODE 




5C09 


0805 


4300 


LDM 


LAB , R8 , 6 ; 


% 


(DA) 


MODE 




5C 1 1 


0805 


4300 


LDM 


RR r AR f R 1 1 6 • 


9; 


1 X 1 
I ^ J 


MODE 




5C19 


0805 


4300 


LDM 


LAB ( R 1 ) , R8 , 6 ; 


% 


fx 1 


MODE 




1C21 


0805 




LDM 


R8 R? ' 6 • 


% 


f TR 1 


MODE 




IC 29 


VJ O U J 








a 
^ 




Mnnp 




7900 


4300 




LDPS 


LAB ; 






1 Iwi/O 




7910 


43 




LOPS 


LAB f R 1 > • 




fx V 






3920 






LDPS 




a 








3106 


PF18 




LDR 


R6 .LAB • 




f RAl 


MODE 




3306 


FFOC 




LOR 


LAB R6- 




f R A 1 


MODE 




340B 


FF04 




LDR 


Rll , 'LAB; 




(RA) 


MODE 




3006 


FFIC 




LORE 


RH6 , LAB; 


% 


(RA) 


MODE 




3206 


FFIO 




LDRB 


I AB RH6 • 


% 




MODE 




3706 


FF08 




LDRL 


LAB , RR6 • 


% 


f R A 1 


MODE 




3506 


FF14 




LDRL 


RR6 . LAB • 




f RA \ 


MODE 




7B OA 






MBIT; 












7BCD 






MREQ 


R12 ; 










7B09 






MRES • 












/DUO 






MCI?»T» • 
PlOl!> L f 












1908 


0005 




MULT 




9- 




Monp 

1*1 V_/U D 




9948 






MULT 


RRft R4 • 




f R ^ 


MODE 




1928 












t 1 K J 






5908 


4300 




MULT 


r\r\0 f i_>nD f 


a 




M nn F 

1 1 UU Cj 




5918 


4 300 




MULT 


RR R r AR 1 > • 


9- 
o 




Mnnp 




1828 






MULTL 


RQ8 , R2" ; 


% 


(IR) 


MODE 




1808 


0000 


0005 


MULTL 


RQ8, 5; 


% 


(IM) 


MODE 




98 4 8 






M [ 1 T T T 

1 1 U i Li 


R n R D R /I • 




/ R \ 


n UUci 




^ n 


A inn 




IVl I 1 T T 
r! U L, 1 L 


D Q FAD. 




C DA ) 


MODE 




5818 


430 




MULTL 












0D22 






NEG 


R2^ ; 


St 








4D12 


4300 




NEG 


LAB fRl 1 - 


% 




MODE 




8D42 






NEG 


R4 - 


% 


f Rl 


MODE 




4D02 


4300 
















8C42 






NEGB 


RH4; 


% 


(R) 


MODE 




4C02 


4300 




NEGB 


LAB ; 


% 


(DA) 


MODE 




4C 1 2 


*4 J U U 




IN [J O D 


r AR ^R ^ \ * 


Q. 
? 




M nn tr 




OC 22 






M Rr* R 


R "5 - 


a 
is 




M nnp 










v*\Jc f 












O D ^ / 






no 

UK 


D "7 n /I . 


% 


(R) 


MODE 




^ n 7 






U K 


D "7 TAD. 

K / , LAti ; 


% 


( DA ) 


MuDh 




H O ± / 


H J u u 




no 


K / , L.AD ^ K X ; ; 






M nn [p 
N UJJ ti 




0507 


n n n R 

U U U J 






R 7 . 






M nn tr 




0527 






OR 
U rv 


R 7 DO". 




(IK) 


M nn (T 




8447 






ORB 


R H 7 R I -M • 




I"; 


rl U U Cj 




0407 


0505 




ORB 


RH7 , 5 ; 


St 


(IM) 


MODE 


0427 






ORB 


RH7 RP " • 


^ 


(IR) 


MODE 


4407 


4300 




ORB 


RH7,LAB; 


% 


(DA) 


MODE 


4417 


4300 




ORB 


RH7 , LAB (Rl ) ; 


% 


(X) 


MODE 


3B2A 


09D0 




OTDR 


R13 , R2" , R9; 


% 


(IR,PR) MODE 


3A2A 


09D0 




OTDRB 


R13,R2",R9; 


% 


(IR, 


PR) MODE 




3B22 


09D0 




OTIR 


R13 , R2' , R9; 


% 


(IR,PR) MODE 



C-6 



J 



3A22 


09D0 




OTIRB 


R13,R2' ,R9; 


% 


(IR,PR) MODE 


3FD4 






OUT 


R13,R4; 


% 


(PR) 


MODE 


3B46 


OFCO 




OUT . 


#0FC0,R4; 


% 


(PA) 


MODE 


3A46 


OFCO 




OUTl 


#0FC0,RH4; 


% 


(PA) 


MODE 








OUTB 


nil T~» TT j1 

Rl 3 , RH4 ; 


% 


(PR) 


MODE 


3B2A 


09D8 




OUTD 


R13,R2',R9; 


% 


(IR,PR) MODE 


3A2A 


09D8 




OUTDB 


R13,R2'',R9; 


% 


(IR,PR) MODE 


3B22 


09D8 




OUTI 


R13,R2" ,R9; 


% 


(IR,PR) MODE 




09D8 




OUTIi 


R13,R2',r»S 1 


% 


CIR,PR) MODE 


97C4 






POP 


R4,R12"; 


% 


(R) 


MODE 


17C2 






POP 


R2' ,R12'',• 


% 


(IR) 


MODE 


57C0 


4300 




POP 


LAB,R12'',• 


% 


(DA ) 


MODE 


57C1 


4300 




POP 


LAB(R1) ,R12''; 


% 


(X) 


MODE 


95C4 






POPL 


RR4,R12"; 


% 


(R) 


MODE 


S5C1 


4300 




,IS0PL 


LAB (Rl) ,R12"i 


% 


(X) 


MODE 


55C0 


4300 




■pOPL 


LAB,R12"; ' 


% 


(DA) 


MODE 


15C2 






POPL 


R2" ,R12" ; 


% 


(IR) 


MODE 


0DC9 


0005 




PUSH 


R 1 2 ~ , 5 ; 


% 


(IM) 


MODE 


53C1 


4300 




PUSH 


R12'~,LAB(Rl-)i 


% 


(X) 


MODE 


93C4 






PUSH 


R12",R4; 


% 


(R) 


MODE 


53C0 


4300 




PUSH 


R12' , LAB ; 


% 


(DA) 


MODE 


13C2 






PUSH 


R12* , R2' ; 


% 


(IR) 


MODE 


11C2 






PUSHL 


R12',R2'; 


% 


(IR) 


MODE 


51C1 


4300 




PUSHL 


R12' , LAB (Rl) ; 


% 


(X) 


MODE 


91C4 




; on 


PUSHL 


R12" , RR4 ; 


% 


(R) 


MODE 


51C0 


4300 




PUSHL 


R12" , LAB; 


% 


(DA) 


MODE 


2306 


0400 




m9 


R4,R6; 


% 


(R) 


MODE 


2320 






RES 


R2",0; 


% 


(IR) 


MODE ■ 


A340 






RES 


R4,0; 


% 


(R) 


MODE 


6300 


4300 




RES 


LAB , ; 


% 


(DA) 


MODE 


6310 


4300 




RES 


LAB (Rl) ,0; 


% 


(X) 


MODE 


2206 


0400 




RESB 


RH4 , R6 ; 


% 


(R) 


MODE 


A240 






RESB 


RH4 , ; 


% 


(R) 


MODE 


6200 


4300 




RESB 


LAB , ; 


% 


(DA) 


MODE 


6210 


4300 




RESB 


LAB (Rl) ,0; 


% 


(X ) 


NUUh 


2220 






RESB 


R2",0; , 


% 


(IR) 


MODE 


8D43 






RESFLG 


ZR; 








9E0E 






RET 


NZ ; 








9E08 




-, f\ . 


RET; 










B340 




• IHI 


RL 


R4 / 1 ; 


% 


(R) 


MODE 


B240 






RLB 


RH4,1;- 


% 


(R) 


MODE 


B348 






RLC 




% 


(R) 


MODE 


B248 






RLCB 


RH4,i; 


% 


(R) 


MODE 


BE47 






RLDB 


RH7,RH4; 


% 


(R) 


MODE 


B 344 






RR 


R4, 1; 


% 


(R) 


MODE 


B244 






RRB 


RH4 , 1 ; 


% 


(R) 


MODE 


B34C 






RRC 


R4 , 1 ; 


% 


(R) 


MODE 


B24C 






RRCB 


RH4 , I ; 


% 


(R) 


MODE 


BC47 






RRDB 


RH7 , RH4 ; 


% 


(R) 


MODE 


B745 






SBC 


R5,R4; 


% 


(R) 


MODE 


B645 






SBCB, 


RH5,RH4; 


% 


(R) 


MODE 


7F2C 






SC 


44; 








B34B 


090 




SDA 


R4,»S; 


% 


(R) 


I40DE 



B24B 


0900 


SDAB 


RH4 , R9 ; 


% 


f R^ 


MODE 


B34F 


0900 


SDAL 


RR4 , R9 ; 


% 


(R 1 


MODE 


B343 


0900 


SDL 


R4 , R9 ; 


% 


(R) 


MODE 


B243 


0900 


SDLB 


RH4 . R9 • 


% 


( R 1 


MODE 


B347 


0900 


SDLL 


RR4 , R9 ; 


% 


(Rl 


MODE 


2520 




SET 


R2" , ; 


% 


(IR ) 


MODE 


2506 


0400 


SET 


R4 , R6 ; 


% 


(R) 


MODE 


6510 


4300 


SET 


LAB (Rl ) , ; 


% 


(XI 


MODE 


A540 




SET 


R4.0: 


% 




MODE 


6500 


4300 


SET 


LAB , ; 


% 


(DA) 


MODE 


6400 


4300 


SETB 


LAB . • 


% 


(DA) 


MODE 


6410 


4300 


SETB 


LAB CRD , • 


% 




MODE 


2406 


0400 


SETB 


RH4 , R6 ; 


% 


f R 1 


MODE 


2420 




SETB 


R2" , ; 


% 


(IR) 


MODE 


A440 




SETB 


RH4 , ; 


% 


(R) 


MODE 


8D71 




SETFLG 


ZR , SGN , OV; 








3B45 


OFCO 


SIN 


R4 , #0FC0; 


% 


(PA) 


MODE 


3A45 


OFCO 


SINB 


RH4 , #0FC0 ; 


% 


(PA) 


MODE 


3BD9 


0928 


SIND 


R2" , Rl 3 , R9 


% 


(IR,PR) MODE 


3AD9 


0928 


SINDB 


R2~ , R13 , R9 


% 


(IR,PR) MODE 


3BD9 


0920 


SINDR 


R2" . Rl 3 R9 


ft 


(IR,PR) MODE 


3AD9 


0920 


q T M nR R 


R9" Rl 1 RQ 


a 


(IR,PR) MODE 


3BD1 


0928 


SINI 


RO" RQ 




(IR,PR) MODE 


3AD1 


0928 




pn** R^ "3 RQ 




(IR,PR) MODE 




095(1 
VJ ^ ^ u 


Q T M T 13 






(IR,PR) MODE 


3AD1 


0920 


o X n X f \ D 


R^*^ R 1 ^ RQ 




(IR,PR) MODE 


B349 


0002 


SLA 




ft 


(R) 


MODE 


B249 


00 2 


SLAB 


RM 4 9 • 


ft 


(R) 


MODE 


B34D 


0002 


SLAL 


RR4 , 2 ; 


ft 


(R) 


MODE 


B341 


0002 


SLL 


R4 2 • 


% 


(R) 


MODE 


324 1 


0002 


SLLB 


RH 4,2; 


ft 


(R) 


MODE 


B34 5 


0002 


SLLL 


RR4 , 2 ; 


% 


(R) 


MODE 


3B2B 


09D0 


SOTDR 


R13 , R2'~ , R9 


% 


(IR,PR) MODE 


3A2B 


09D0 


SOTDRB 


R13 , R2'~ , R9 


% 


(IR,PR) MODE 


3B23 


09D0 


SOTIR 


Rl 3 , R2* , R9 


% 


(IR,PR) MODE 


3A23 


09D0 


SOTIRB 


R13 , R2" , R9 


% 


(IR,PR) MODE 


3B47 


OFCO 


SOUT 


#0FC0 , R4 ; 


% 


(PA) 


MODE 


3A47 


OFCO 


SOUTB 


#OFGO . RH4 • 


% 


(PA) 


MODE 


3B2B 


09D8 


SOUTD 


R13 R9 


ft 


(IR,PR) MODE 


3A2B 


09D8 


qniiTnR 

J\J\J X X/D 


R17 R*?* RQ 


ft 


(IR,PR) MODE 


3B23 


09D8 


SOUTI 


R 1 ^ R2 " RQ 


ft 


(IR,PR) MODE 


3A23 


09D8 


O VJ U i X D 


R 1 "5 DO'* DQ 


ft 


(IR,PR) MODE 


B349 


FFFE 




R ^ 9 . 


q. 


(R) 


MODE 


B249 


F F F E 


SRAB 


RH4 , 2 ; 


ft 


(R) 


MODE 


B34D 


FFFE 


SRAL 


RR4 , 2 ; 


ft 


(R) 


MODE 


B34 1 


FFFE 


SRL 


R4 2 • 


ft 


(R) 


MODE 


B241 


FFFE 


SRLB 


RH4 , 2 • 


ft 


(R) 


MODE 


B345 


FFFE 


SRLL 


RR4, 2| 


% 


(R) 


MODE 


4306 


4300 


SUB 


R6,LAB; 


% 


(DA) 


MODE 


8346 




SUB 


R6,R4; 


% 


(R) 


MODE 


0326 




SUB 


R6,R2''; 


% 


(IR) 


MODE 


0306 


0005 


SUB 


R6,5; 


% 


(IM) 


MODE 


4316 


4300 


SUB 


R6,LAB(R1); % 


(X) 


MODE 


8246 




SOBB 


RH6 , RH4 ; 


% 


(R) 


MODE 


0206 


0505 


SUBB 


RH6, 5; 


% 


( IM) 


MODE 


4206 


4300 


SUBB 


RH6, LAB; 


% 


(DA) 


MODE 



C-8 



0226 




SUBS 


RH6,R2"; 




% 


(IR) 


MODE 


4216 


4300 


SUBB 


RH6,LAB{R1); % 


(X) 


MODE 


D /! ib 


A "a r\ n 
4 JUO 


SUBL 


RR6,LAB(RJ.),; % 


(X) 


MODE 


1226 




SUBL 


RR6,R2''; 




% 


(IR) 


MODE 


9246 




SUBL 


RR6,RR4; 




% 


(R) 


MODE 


1206 


0000 0005 


SUBL 


RR6,5; 




% 


(IM) 


MODE 


■SXiQii 


4300 




RR6 , LAii 




% 


(DA) 


MODE 


AF46 




TCC 


ZR, R4 ; 




% 


(R) 


MODE 


AE46 




TCCB 


ZR, RH4; 




% 


(R) 


MODE 


4D04 


4300 


TEST 


LAB; 




% 


(DA) 


MODE 


0D24 




TEST 


R2"; 




% 


(IR) 


MODE 


4D14 


4300 


TEST 


LAB(Rl)j 




% 


(X) 


MODE 


8D44 




TEST 


R4; 






% 


(R) 


MODE 


4C14 


4300 


TESTB 


LAB(Rl) ; 




'1 


(X) 


MODE 


0C24 




TESTE 


R2" 






% 


(IR) 


MODE 


4C04 


4300 


TESTB 


LAB 






% 


(DA) 


MODE 


8C44 




TESTB 


RH4 








(R) 


MODE 


5C08 


4300 


TESTL 


LAB 






a 


(DA) 


MODE 


9C48 




TESTL 


RR4 






a 

15 


(R) 


MODE 


1C28 




TESTL 


R2' 






a 


( IR) 


MODE 


5C18 


4300 


TESTL 


LAB (Rl) ; 






(X) 


MODE 


B8B8 


0620 


TRDB 


Rll* ,R2" ,R6 




( IR ) 


MODE 


B8BC 


0620 


TRDRB 


Rll' 


~ , R2" , R6 




( IR) 


MODE 


B8B0 


0620 


TRIE 


Rll' 


' , R2* , R6 




( IR ) 


MODE 


B8B4 


0620 


TRIRB 


Rll" ,R2* ,R6 


% 


( IR) 


MODE 


B8BA 


0620 


TRTDB 


R11",R2",R6 


% 


(IR) 


MODE 


B8BE 


062E 


TRTDRB 


Rll" ,R2* ,R6 


% 


(li) 


MODE 


B8B2 


0620 


TRTIB 


R11",R2",R6 


% 


(IR) 


MODE 


B8B6 


062E 


TRTIRB 


R11',R2'',R6 


% 


(IR) 


MODE 


0D26 




TSET 


R2"; 




% 


(IR) 


MODE 


4D16 


4300 


TSBT 


LAB (Rl) I 




% 


(X) 


MODE 


4D06 


4300 


TSET 


LAB 






% 


(DA) 


MODE 


8D46 




TSET 


R4; 






% 


(R) 


MODE 


8C46 




TSETB 


RH4 ; 






(R) 


MODE 


4C06 


4300 


TSETB 


LAB; 






(DA) 


MODE 


ttC26 




TSETB 


R2" 






% 


( IR) 


MODE 


4C16 


4300 


TSETB 


LAB (Rl) ; 




% 


(X) 


MODE 


0907 


0005 


XOR 


R7,5; 




% 


(IM) 


MODE 


0927 




XOR 


R7,R2"; 




% 


(IR) 


MODE 


4907 


4300 


XOR 


R7,LAB; 




% 


(DA) 


MODE 


4917 


4300 


XOR 


R7,LAB(R1) ; 




% 


(X) 


MODE 


8947 




XOR 


R7 , R4 ; 




% 


(R) 


MODE 


4817 


4300 


XORB 


RH7 


LAB(Rl); % 


(X) 


MODE 


0827 




XORB 


RH7 


R2" ; 




% 


(IR) 


MODE 


4807 


4300 


XORB 


RH7 


LAB; 




% 


(DA) 


MODE 


8847 




XORB 


RH7,RH4; 




% 


(R) 


MODE 


0807 


0505 


XORB 


RH7,5; 




% 


(IM) 


MODE 



C-9 



I 





APPENDIX D 






AntZiOOO Instruction Set: Topical Index 








Data 


Addressing 


Flags 


Instruction Description 


Mnemonic 


Types 


Modes 


Affected 


Arithmetic 


Add with Carry ' * 


ADC 


B. W 


R 


C, Z, S, V, D', W 


Add 


ADD 


B. W. L 


H, livl, IH, UA, A 


C Z, S. V, Dl, H' 


Compare (Immediate) 


Ur 


a. W 


IR, DA, X 


C, Z, S, V 


Comptire (ReQistBr) 


CP 


B, W, L 


R, IM, IR, DA, X 


C, Z, S, V 


Decimal Adjust Bit ' *' 


DAB 


B 


IR 


C, Z, S 


Decrement ^ 


DEC 


B, W 


R, IR, DA, X 


Z, S, V 


Divide ' ' ^1 


DIV 


W, L 


R, IM, IR, DA, X 


C, Z, S, V 


Extend SIqp '"'^ 


EXTS 


B, W, L 


R 


C, Z, S, V 


Increment 


ING 


B, W- 


R, IR, DA, X 


Z, S, V 


Multiply 


MULT 


W, L 


R, IM, IR, DA, X 


C, Z, S, V 


Negate 


NEG 


B, W 


R, IR. DA, X 


C, Z, S, V 


Subtract with Carry 


SBC 


B, W 


R 


C, Z, 8, V, 01, H1 


Subtract ^ 


syi 


B, W, L 


R, mi,,fR, !a*, 3lt 


C, Z, S, V, 01, H1 








■ .ill H 










Bit Manipulation , " i < - 


„v e 








Bit Test 


Bit - 


B,* 


R 


z 


Bit Reset (Static) 


RES 


B, W 


R, IR, DA, X 




Bit Reset (Dynamic) 


RES 


B, W 


R 




Bit Set (Static) 


SET 


B, W 


R, IR, DA, X 




Bit Set (Dynamic) 


SET 


B, W 


R 




Bit Test and Set 


TSET 


B, W 


R, IR, DA, X 


s 


Blocic Transfer and String Manipulation . 


Compare and Decrement 


GPD 


B. W 


IR 


C, Z, S, V 


Compare. Decrement, and Repeat 


CPDR 


B. W 


IR 


C, Z. S, V 


Compare and Increment 


CPI 


B. W 


IR 


C. Z. S. V 


Compare. Increment, and Repeat 


CPIR 


B. W 


IR 


C. Z. S. V 


Compare String and Decrement 


CPSD 


B, W 


IR 


C, Z, S, V 


Compare String, Decrement, and Repeal 


CPSDR 


B, W 


IR 


C, Z, S, V 


Compare String and Increment 


CPSI 


8, W 


IR 


C, Z, S, V 


Compare String, Increment, and Repeat 


CPSIR 


B, W 


IR 


C, Z, S, V 


Load and Decrement 


LDD 


B, W 


IR 


V 


Load. Decrement, and Repeat 


LDDR 


B, W 


IR 


V 


Load and Increment 


LDI 


B, W 


IR 


V 


Load, Increment, and Repeat 


LDIR 


B, W 


IR 


V 


Translate and Decrement 


TRDB 


B 


IR 


Z, V 


Translate, Decrement, and Repeat 


TRDRB 


B 


IR 


Z, V 


Translate and Increment 


TRIB 


B 


IR 


Z, V 


Translate, Increment, and Repeat 


TRIRB 


B 


IR 


Z, V 


Translate, Test, and Decrement 


TRTDB 


B 


IR 


Z, V 


Translate, Test. Decrement. Repeat 


TRTDRB 


B 


IR 


Z, V 


Translate. Test, and Increment 


TRTIB 


B 


IR 


Z, V 


Translate, Test, Increment, and Repeat 


TRTIRB 


B 


IR 


Z, V 


CPU Control Instructions 


Complement Flag 


GOMFLG 






C2. Z?, 82, PZ, V2 


Disable Interrupt 


Dl 








Enable Interrupt 


El 








Halt 


HALT 








Load Control Register (from register) 


LDCTL 




R 


C2, Z2, 82, P2, 02, H2 


Load Control Register (to register) 


LDCTL 








Load Program Status 


LDPS 




IR, DA, X 


C, Z, S, P, D, H 


Multi-Bit Test 


MBIT 






S 


Multi-Micro Request 


MREQ 






Z, S 


Multi-Micro Reset 


MRES 








Multi-Micro Set 


MSET 








No Operation 


NOP 








Reset Flag 


RESFLG 






C2, Z2, S2. P2, V2 


Set Flag 


SETFLG 






C2, Z2, S2, P2, V2 


1 . Rag affected only for byte operation. 










2. Fl^ modified only if specified by ttie instrucUon. 











AinZ8000>lmtnietloiKSni' tapleal Indm (Cent) 







Data 


Addressing 




Flags 


Instruction Description 


Mnemonic 


Types 


Modes 


Affected 


Input/Output Instructions^ 






Regular Special 






Input 




B W 


IP HA {rtA\ 
in. L/M ^ur^f 






Inm i4 onH V^afromani 
III^All <1IIU LJCl^FCIi Icl 11 




B W 


IR (IR) 


V 




Input, Decrement and Repeat 


{S)INDR3 


B, W 


IR (IR) 


V 




Input and Increment 


(S)IN|3 


B, W 


IR (IR) 


V 




Input, Increment, and Repeat 


(S)INIR3 


B, W 


IR (IR) 


V 




Output 


(S)OUT3 


B, W 


IR, DA (DA) 






Output and Decrement 


{S)0UTD3 


B, W 


IR (IR) 


V 




Output. Decrement, and Repeat 


(S)OUTDR3 


B, W 


IR (IR) 


V 




Output and Increment 


(S)OUT|3 


B, W 


IR (IR) 


V 




Output, Increment, and Repeat 


(S)0UTIR3 


B, W 


IR (IR) 


V 




Logical Instructions 


And . , 


ANP 


B, W 


R, IM, IR, DA, X 


Z, S, P 




Complement 


COM 


B, W 


R, IR, DA, X 


Z, S, P 




Or 


OR 


B, W 


R, IM, IR, DA, X 


Z, S, P 




Test 


TEST 


B, W, L 


R, IR. DA, X 


Z, S, P 




Test Condition Code 


TCC 


B. W 


R 






Exclusive Or 


XOR 


B, W 


R, IM, IR, DA, X 


Z, S, P 




Program Control Instnieliohs ' 


Call Procedure 


CALL 




IR. DA, X 






Call Procedure Relative 


CALR 




RA 






Decrement, Jump If Not Zero 


DJNZ 


B, W 


RA 






Interrupt Return 


IRET 






C, Z, S, 


P, D, « 


Jump 


JP 




IR, DA, X 






Jump Relative 


JR 




RA 






Return from Procedure 


RET 










System Call 


SC 










Rotate and Shift Instructions 


Rotate Left 


RL 


B. W 


R 






1 Rotate Left Ttirough Carry 


RLC 


B. W 


R 


C, Z, S, 


V 


Rotate Left Digit 


RLDB 


B 


R 


Z. s 




Rotate Right 


RR 


B. W 


R 


C. Z. S. 


V 


Rotate Rigfit Ttirough Carry 


RRC 


B, W 


R 


C. z. s. 


V 


Rotate Rigtit Digit 


RRDB 


B 


R 


z, s 




Stiitt Dynamic Arithmetic 


SDA 


B, W. L 


R 


c. z. s. 


V 


Shift Dynamic Logical 


SDL 


B, W. L 


R 


c. z. s. 


V 


Shift Left Arithmetic 


SLA 


B. W. L 


R 


C. z. s. 


V 


Shift Left Logical 


SLL 


B. W. L 


R 


c. z. s. 


V 


Shift Right Arithmetic 


SRA 


B. W. L 


R 


C. z. s. 


V 


Shift Right Logical 


SRL 


B. W. L 


R 


c. z, s. 


V 



3. Each I/O instruction has a special counterpart used to alert other devices that a Special I/O transaction is occurring. 
The special I/O mnemonic Is S + regular mnemonic. Refer to section 4.6 for further details. 



• APPENDIX E 
JlNiZSOOO Instruction Set 
Opcode Map 



Lovwr Mbbto (Hm^ l^9pv ffntnicllon Bylc 



Upptr mMueHon Byte 





1 


2 


3 


4 


5 


6 


7 


« 


9 


A 


B 


C 


D 


E 


F 





III 


ADD 

R^R 
RMM 


SUBB 

R— IR 
R—IM 


SUB 

R— IR 
R—IM 


ORB 

R— IR 
R—IM 


OR 

R— IR 
R—IM 


AMDS 

R-IR 
R—IM 


AND 

R- IR 
R—IM 


XORB 

R— IR 
R—IM 


XOR 

R— IR 
R—IM 


CPB 

R— IR 
R—IM 


CP 

R— IR 
R—IM 


See 
Table 
1 


See 
Table 

1 


Extend 
Inat 


Extend 
Inat 


1 

1 


CPL 
RMR 
R— IM 


PUSHL 

IR— IR 


SUBL 

R— IR 
R—IM 


PUSH 

IR— IR 


LDL 

R— IR 
R— IM 


POPL 

IR— IR 


AODL 

R— IR 
R— IM 


POP 

IR- IR 


MULTL 

R— IR 
R—IM 


MULT 

R— IR 
R—IM 


DIVL 

R— IR 
R—IM 


DIV 

R— IR 
R—IM 


See 
Table 
2 


LDL 

IR— R 


JP 

PC— IR 


CALL 

PC— IR 


i 2 

1 


LDB 

R^IR 
R^M 


LD 

R^R 
R— IM 


RESB 

IB— IM 
R— R 


RES 

IR— IM 
R— R 


SETB 

IR— IM 
R— R 


SET 

IR— IM 
R— R 


BITS 

IR— IM 
R— R 


BIT 

IR— IM 
R— R 


INCB 

IR— IM 


INC 

IR— IM 


DECB 

IR— IM 


DEC 

IR— IM 


EXB 

R— IR 


EX 

R— IR 


LDB 

IR— R 


LD 

IR— R 


1 

3 


uw 

R^A 
LDRB 
H^A 


LD 

R^A 
LDR 

R— RA 


LDB 

BA— R 
LDRB 

RA— H 


LD 

BA— H 
LDR 
RA— R 


LDA 

R— BA 
LDAR 

R— RA 


LDL 

R— BA 
LDRL 

R— RA 


RSVD 


LDL 

BA— R 
LDRL 

RA— R 


RSVD 


LDPS 

IR 


See 
Table 

3 


Sea 
Table 

3 


■IB 

R— IR 


IN 

R— IR 


OUTB 

IR— R 


OUT 

IR— R 


1 

4 


ADOB 

R*-X 
R*-DA 


ADD 

R— X 
R— DA 


SUBB 

R— X 
R— DA 


SUB 

R— X 
R— DA 


ORB 

R— X 
R— DA 


OR 

H— X 
R— DA 


ANDB 

R— X 
R— DA 


AND 

R— X 
H— DA 


XORB 

R-X 
R- DA 


XOR 

R— X 
R— DA 


CPB 

R— X 
R— DA 


CP 

R— X 
R— DA 


See 
Table 
1 


Table 
1 


Extend 
Inat 


Extend 
Inst 


5 


CPL 

R*-X 

R-^DA 


PUSHL 

IR*-X 
IR— DA 


SUBL 

R— X 

H— DA 


PUSH 

IR— X 

IR— DA 


LDL 

R— X 
R— DA 


POPL 

IR— X 
IR— DA 


ADDL 

R— X 

R— DA 


POP 

IR— X 

IR— DA 


MULTL 

R— X 

R--DA 


MULT 

R— X 
R— DA 


DIVL 

R— X 

R- DA 


DIV 

R-X 


Table 

2 


LDL 

X— R 
DA— R 


JP 

PC— X 
PC— DA 


CALL 

PC— X 
PC— DA 




LOB 

n-OA 


LD 

R— X 
R—DA 


RESB 
X— IM 
DA— IM 


RES 
X— IM 
DA— IM 


SETB 
X— IM 
DA— IM 


SET 

X— IM 
DA— IM 


BITB 

X— IM 
DA— IM 


BIT 
X— IM 
DA— IM 


INCB 

X— IM 
DA— IM 


INC 

X— IM 
DA— IM 


DECB 
X— IM 
DA— IM 


DEC 
X— IM 
OA— IM 


EXB 
R«X 
R**OA 


EX 
R»»X 

R-^A 


LDB 
X»»R 
DA^ 


LD 
DA*>H 


7 


LDB 

R*-6X 


Sm 
Tabta 

7 


LDB 

BX— R 


LO 

BX— R 


LDA 

R— BX 


LDL 

R— BX 


LDA 

R— X 
R— DA 


LDL 

BX— R 


RSVD 


LDPS 

PS— X 
PS— DA 


HALT 


See 
Table 
7 


El 
Dl 


See 

Table 

7 


RSVD 


SC 


1— 


A006 

R»-R 


ADD 

R— R 


SUBB 

R— R 


SUB 

R— R 


ORB 

R— R 


OR 

R- R 


ANDB 

R— R 


AND 

R— R 


XORB 

R. R 


XOR 

R— R 


CPB 

R— R 


CP 

R- -R 
1 


Table 
1 


See 
Table 


Extend 
Inst. 


Extend 
Inst. 


9 


CPL 

R.-R 


PUSHL 

IR— R 


SUBL 

R— R 


PUSH 

IR— R 


LDL 

R— R 


POPL 

R— IR 


ADDL 

R— R 


POP 

R— IR 


MULTL 

R— R 


MULT 

R— R 


DIVL 

R— R 


OIV 

R— R 


See 
Table 
2 


RSVD 


RET 

PC— (SP) 


RSVD 


A 


LOB 

R<-R 


LD 

R— R 


RESB 

R—IM 


RES 

R—IM 


SETB 

R—IM 


SET 

R—IM 


BITS 

R—IM 


BIT 

R—IM 


INCB 

R—IM 


INC 

R—IM 


DECB 

R—IM 


DEC 

R—IM 


EXB 

R«n 


EX 

R-«fl 


TCCB 

R 


TCC 

R 


B 


DAB 

R 


EXTS 
EXTSB 
EXTSL 
R 


Soe 
Table 
4 


See 
Table 
4 


ADCB 

R— R 


ADC 

R— R 


SBCB 

R— R 


SBC 

R— R 


See 
Table 
5 


RSVD 


See 
Table 

6 


See 
Table 
6 


RRDB 

R 


LDK 

H— IM 


RLDB 

R 


RSVD 




LDB 

R—IM 






























































D 


CALK 

PC»,RA 






























































E 


JR 

PC<-RA 






























































F 


DJNZ 
DBJNZ 

PC— RA 































































Notes: 1. Reserved Instructions (RSVD) should not be used. The result of their execution is not defined. 

2. The execution of an extended instruction will result in an Extended Instruction Trap if the EPE bit in the FCW is a zero. If the flag is a one tfie 
Extended Instruction wrill be executed by the EPU function. 



i 



i 









OPCODE MAP (Cont.) 






1 


TABLE 4. UPPER INSTRUCTION BYTE 


TABLE 5. 








Lainr Mbbto (H«), 
Lnmr Imtnicttan Byte 


B2 


B3 




Lowar NMM (Hmq, 
LoiMT Iratiuctton Byts 


B8 











RLB 

(1 bil) 

R 


RL 

(1 bit) 
R 







HUB 

IR 


























1 


SLLB 

R 
SHLB 

H 


SLL 

R 




1 


RSVD 










5RL 

R 




2 


TRTIB 

IR 










RLB 


RL 












2 


(2 bits) 
R 


(2 bits) 

H 




3 


RSVD 


■ 
























3 


SDLB 

R 


SDL 

R 




4 


TRIRB 

IR 










RRB 


RR 














4 


(1 bit) 
R 


(1 bit) 
R 




5 


RSVD 


























5 


RSVD 


SLLL 
R 

SRLL 




6 


THTIHB 

IR 








6 


RRB 

(2bils) 
R 


RR 

(2 bits) 
R 




7 


RSVD 














TRDB 
IR 








7 


RSVO 


SDLL 

R 




•t 8 








8 


RLCB 

(1 bit) 
R 


RLC 

(1 bit) 
R 




9 


RSVD 














TRTDB 








9 


SLAB 

H 


SLA 

R 




A 


IR 










SRAS 

R 


SRA 

R 




B 


RSVD 










RLCB 

(2 bits) 
R 


RLC 

(2 bits) 
R 














A 




c 


TRDRB 

IR 








B 


SDAB 

R 


SDA 

R 




> • D 


RSVD 


























C 


RRCB 

(1 bit) 
R 


RRC 

(1 bil) 

R 




E 


TRTDRB 

IR 








D 


RSVD 


SLAL 

R 




F 


RSVD 










SRAL 








E 


RRCB 

(2 bits) 
R 


RRC 

(2 brts) 
R 










F 


RSVD 


SDAL 

a 








1 











OPCODE MAP (Cont.) 



TABLE 1. UPPER INSTRUCTION BYTE 



TABLES. UPPtR INSTRUCTI0N BYTE 



Lower Nibble (Hex), 
Lower Instnictlon Byte 


oc 


OD 


4C 


4D 


ac 


SD 


0' 


COMB 

IB 


COM 

IR 


COMB 

X 

DA 


COM 

X 

DA 


COMB 

R 


COM 

R 


1 


CPB 

IR. IM 


CP 

IR, IM 


CPB 

X, IM 
DA, IM 


CP 

X, IM 
DA, IM 


LCTLB 

RM=LGS 


SETFLG 


2 


NEGB 

IR 


NEG 

IR 


NEGB 

X 

DA 


NEG 

X 

DA 


NEGB 

R 


NEG 

R 


3 


RSVD 


RSVD 


RSVD 


RSVD 


RSVD 


RESFLG 


4 


TESTS 

IR 


TEST 

IR 


TESTS 

X 

DA 


TEST 

X 

DA 


TESTB 

R 


TEST 

R 


5 


LDB 

IH»-(M 


LD 

IR—IM 


LDB 

DA^IM 


LD 

X*-IM 
DA^IM 


RSVD 


COHFLG 


6 


TSETB 

IR 


TSET 

IR 


TSETB 

X 

DA 


TSET 

X 

OA 


TSETS 

R 


TSET 

R 


7 


RSVD 


RSVD 


RSVD 


RSVD 


RSVD 


NOP 


e 


CLRB 

IR 


CLH 

IR 


CLRB 

X 

DA 


CLR 

X 

DA 


CLRS 

R 


CLR 

R 


9 




PUSH 

IM 






LDCTLB 

FLGS^R 





TABLE 2. UPPER INSTRUCTION BYTE 



Lower Nibble (Hex) 
Lower Instruction Syte 


1C 


SO 


9C 





RSVD 


RSVD 


RSVD 


- 1 


LDM 

RMR 


LDM 

R--X 
R*-DA 




8 


TESTL 

IR 


TESTL 

X 

DA 


TESTL 

R 


9 


LDM 

IR.^R 


LDM 

DA^ 





Lower Nibble (Hex), 
Lower Instruction Byte 


3A 


3B 





INIB 

IR— IR 
INIRB 

IR»-IR 


INI 

IR— IR 
INIR 

IR— IR 


1 


SINIB 

IR^R 
SINIRB 

IR*-IR 


SINI 

IR— IR 
SINIR 

IR— IR 


2 


OUTIB 

IR*— IP 
OTIRB 

IR^R 


OUTI 

IR— IR 
0UT1R 

IR— IR 


3 


SOUTIB 
IRMR 
! SOTIRB 

IR-HR 


SOUTI 
IR— IR 
SOTIR 

IR— IR 


4 


INB 

R— OA 


IN 

R— DA 


5 


SINB 

R^A 


SIN 

R— DA 




OUTB 


OUT 


7 


SOUTB 

DA— R 


SOUT 

DA— R 


8 


INDB 

IR— IR 
INDRB 

IR— IR 


IND 

IR— IR 
INDR 

IR— IR 


9 


SINDB 

IR— IR 
SINDRB 

IR— IR 


SIND 

IR— IR 
SINDR 

IR— IR 


A 


OUTDB 
IR-IR 
0TDR6 

IR— IR 


OUTD 

IR— IR 
OTDR 

IR— IR 


B 


SCUTDS 

IR— IR 
SOTDRB 

IR—IRj 


SOUTD 

IR— IR 
SOTDB 
IR-HR 



[ 



OPCODE MAP (Cont.) 



TABLE 6. 



TABLE 7. 



Lotnr Mbbte (Hex), 
Lowar InttnidkMi Byte 


BA 


BB 





CPtB 

IR 


CPI 

IR 


1 


LDIB 

IRMR 
LDIRB 

IH*HR 


Lot 

IR<-IR 

IR-<R 


s 


CPSIB 

IR 


CPSI 

IR 


3 


RSVD 


RSVD 


4 


cpniB 

IR 


CPIR 

IR 


6 


RSVD 


RSVD 


6 


CPSIRB 

IR 


CPSIR 

IR 


7 


RSVD 


RSVD 


a 


CPDB 

IR 


CPD 

IR 


9 


LDDB 

IR^R 
LODRB 

IR^IR 


LDD 

IR^R 
LDDR 

IR^R 


A 


CPSOB 

IR 


CPSD 

IR 


B 


RSVD 


RSVD 


C 


CPDRB 

IR 


CPDR 

IR 


D 


RSVD 


RSVD 


E 


CPSDRB 

IR 


CPSDR 

IR 


F 


RSVD 


RSVD 



LovMf NHibIs (Hm), 
Lower InetructkMi Byte 


7B 


TO 





MET 

PCMSSP) 


RSVD 


1 


RSVD 


RSVD 


S - 


RSVD 


lOCTL 

R«-rew 


3 


RSVD 


LOCTL 

R-RFRSH 


4 


RSVD 


LDCTL 

R^ 
PSAPSEG 


5 


RSVD 


LDCTL 

R— 
PSAPOFF 


e 


RSVD 


LDCTL 

R— NSPSEG 


"7 


RSVD 


LDCTL 

R*-NSPOFF 


8 


MSET 


RSVD 


9 


MRES 


RSVD 


A 


MBIT 


LDCTL 

FCW-R 


B 


RS 


VD 


LDCTL 

RFRSH^ 


C 






LDCTL 

PSAPSEG 

^R 


D 


MREO 

R 


LDCTL 
PSAPOFF 
—fl 


E 


RSVD 


LDCTL 

NSPSEG'-R 


F 


' PeVD 


LOCTL 

MSPOFF—R 



Mf APPENDIX F f 

' ' EXECUTIVE MODULE SAMPLE CODE 

The following code is taken from the Executive Module of MONITORS, a sample program developed at the 
AMD Customer Education Center by Charles R. McCallan and Bruce W. Pettner. MONITORS was 
developed to demonstrate the entire AmZ8002 instruction set, MACRO8000 (MACZ) and the linker. 

MONITORS is the principal vehicle of instruction used in the center's course ED8000B, Assembly Language 
Programming for the AmZSOOO. A complete listing of MONITORS is available to stueftlittPilSlBtling In the 
ED8000S or ED8000B seminars. It is reprinted in the ED8000A/B STUDY GUIDE. 

. >d o ■ _ : . c;} L . : 

- ^T.-Jri-r^ \V. A;;' ' 9ft' 

^n'-r , ■ - ; ,d£>.' bne (.i-r . ' ■ ■. ■ ■ -j - 

^00 _ . ' .i^ 1 , , 



■■/ciX|lo3 9j«s:« ;.'Ji 

MONITORS 



The following listings are for a simple monitor program for the 
AmZ8002. The program is written in 15 modules and linked 
together. The listings include the linking operation, which was 

This 'simple-minded' monitor was written to demonstrate the MACZ 
(MACR08000) macro assembler and LNKZ (LINK8000) linker which 
support the AmZSOOO. The code is an attempt to demonstrate 
various methods of profxamming the AmZSOOO with a consious effort 
to do things in as tamny ways as possible while maintaining good 
programming practices. Th.g i|ain intent of the program is to show 
example AmZSOOO coa- that is structured and WELL DOCUMENTED. 

This monitor is NOT Intended to be a sophisticated program for 
end users, but with suitable extentions migft^ EmmM the basis for 
a useful small monitor. 



The 'simple' monitor as implemented supports the following basic 
tespands and DEBUG functiofts: j 



ALTER OR DISPLAY MEMORY (A command) 

SET SOFTWARE BREAKPOINT (B Command) 

DUMP MEMORY (D command) 

FCW ALTER/DISPLAY (F command) 

GOTO OR RESUME EXECUTION (G command) 

HELP (LIST COMMAND SUMMARY) (H command) 

PROGRAM DOWNLOAD (.BIN FILE) (L command 

MEMORY FILL (M command) 

DISLAY CURRENT PC (P command) 

REGISTER ALTER/DISPLAY (R command) 

DISPLAY SYSTEM STACK POINTER (S command) 

EXIT ANY COMMAND (BSC) 



dummy module) 



All commands are a single letter. All command arguments are 
either DECIMAL designated by nn or HEX designated by hhhh (i.e. 
G4AF0 starts execution at address 4AF0). Alter/display commands 
always alter a full word (4 HEX digits). To exit ANY command 
at any time type an esape (ESC key). These conventions greatly 
simplify the program logic and help keep the code 
simple and- andgjCiStandable,' , , ,;. ,,; ; 

If it is desired to add a command the procedure is very simple. 
The command (single letter) needs to be added to the command 
table in the 'DATA' module and the entry point label must be 
entered in the 'ONGOTO' statement in the 'EXEC modules command 
decode routine. The entries (command and label) must be in the 
same relative positions in both the command table and entry 
(label) list. The new command will then be decoded by the CCP 
routines and control transferred to your entry point. 

Every effort has been made to comment and structure the code so 
that it is self-documenting. Comment blocks explain each routine 
and should make following the code very easy. 



THIS IS A SAMPLE PROGRAM ONLY AND NO RESPONSIBILITY IS ASSUMED BY 
ADVANCED MICRO DEVICES OR ADVANCED MICRO COMPUTERS FOR ITS 
USE. 

The monitor as linked will run on the AmZSOOO Evaluation Board 
but could also be linked for prom generation by setting the 
absolute assignments of the 'DATA' arid ■ ':)S(P$iA' Sieginents to . ',0 L ,,a/i,d 
' 256' (decimal) . 



F-2 



MACRC8000: Version 2.0 9/05/80 

MACZ M3EXEC L=B : M3EXEC . PRN W D M P 
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0000 


% 






n r> r» n 
U U U U 


% 


This is a simple monitor program for the AmZ8000 




ft n n n 
u u u u 


g. 


hvALUAiiuN bUAKU. inis program was created as an 




r\ r\ r\ f\ 
U U U U 


% 


exercise in utilizing the MACRO80Q0 ASSEMBLER in 







% 


an engineer SStff^'pfSSSff pi C'?'^w«i>9 fctoc«s8ot 


<CCfc) 


n n r\ 
U U U U 


% 






n n n n 
U U U U 


» 

i 


An attempt was made to use reasonable structured 




0000 


programming techniques. ' ■' < ;-■ • 




0000 


i 


■ 'J 1 i; O L C O Vy i ""- ^ e 9 sJ <3 C 3 J J 2 l ' 


r I .. .< 


0000 


i 


■ ■ 1, -Ltbsrai' eofflroents have MSi St f<i*i-#'^fWfff*m f. 


I •< J ? ^ ' 


n n n rt 
UUUU 


* 


? ; ; ssv: 











n pi r\ 
U U U 


% 


2. Labels and constants were chosen to make the 




0000 








0000 


1 






0000 


% 


3. Different structures were used throughout the 




n n n n 
UUUU 


1 


program to demonstrate as many programming 




0000 


% 


methods »» possible. >; ■'<■■>''■? 3 




0000 


% 






0000 


1 


The program is divided into routines t©" handle 




0000 


% 


console I/O and initialization, g:taG]fe<'tnttia44«S.$*«ft 




0000 


% 


and routines to perform the monitor functions 




0000 


% 


commands , bVQi, 32' 




0000 








0000 


% 


The program has been developed in modules for in^'fe t# ' 




0000 


% 


the LINK8000 LINKER to demonstrate modular program 




0000 


% 


development and to allow partltidn-lttf tJie^Bio®4itiOr'- ihto 




0000 


% 


ROM and RAM areas of memory. 




0000 


% 






0000 


% 


Each module carries a comment block explaining its function 


0000 


% 


and the lM*!ff aciAg' p!r*tbcal it requires. 




0000 


% 






0000 


% 






0000 


% 






0000 


• ■ . % " 
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0000 




MODULE 'M3EXEC'; 


0000 


* 




0000 




TITLE 'MONITORS EXECUTIVE MODULE'; 


0000 


f 




0000 


'■ 


HEADER 'MONITORS EXECUTIVE MODULE 'jf 


0000 




'4116 CONFIGURATION', 


0000 




> . '4/29/80 V4.'0' f • 


0000 


% 




0000 




PAGE 35; 


0000 


1 




0000 


% 


AUTHORS: Charles R, McCallan 


0000 


1 




0000 


1 




0000 


1 


DATE: 4/29/80 


0000 


i 




0000 


i 


VERSIOil 4.0 r ■ . . - 


0000 






0000 


« 


Module Desdir'ipfeion ■ 


0000" 


% 




0000 




This is the main module of the program. During initialization 


0000 


i 


it defines the NPSA and loads the NPSAP register, initializes 


0000 


i 


the System Stack Area and loads the Stack Pointer, initializes 


0000 


1 


the P6 Serial Port for the monitor console and calls LPUTLIME 


0000 


% 


to output the initialization message and initializes the 


0000 


% 


memory Refresh regisftr,'- c . . . 


0000 


1 




0000 


% 


The module also contains the Console Command Processor (CCP) 


0000 


% 


routine which outputs a prompt and allows command input through 


0000 


I 


the use of the M3PUTLN and M3GETLN subroutines, decodes the 


0000 


% 


monitor commands and jumps to the appropriate command routine 


0000 


% 


or error message handler. 


0000 


% 




0000 


% 


The EXECUTIVE MODULE also contains the service routines for 


0000 


% 


Trap and Interrupt handling. 


0000 


% 
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0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
.QP.OO 



GLOBAL 



EXTERNAL 



at' 



lO'JS : 



LSTART, 
LWHAT , 



LINITMSG, 

LPROM PT, 

LCMDTBL, 

LWHATMSG, 

LOPMSG, 

LPRMSG, 

LEXITMSG, 

LBRKMSG, 

LALTER, 

LREG, 

LFLAG, 

LGO, 

LPC, 

LSSP, 

LHELP, 

LMFILL» 

LDUMP, 

LBPSET, 

LBRKP, 

LOAD, 

LGETLINE, 
LPUTLINE, 
LHEXVERT, 

LSTACK, 
LSVAREA, 



% Monitor entry point 
% Invalid input routine 
% Normal entry for 
4 return from contmaxKl 



% Data fields 
% 
% 
% 

% • , 

% ,^ 
% 

% Entry points for 
% Commands 
% 
% 
% 
% 
% 
% 
t 
% 
% 
% 

% Entry Points for 
% Common subroutines 



% Stack area of RAM 
% Registers save area 
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n A A r\ 
U U U U 








r\ r\ r\ n 
U U U U 








n n n n 
u u u u 








n n n n 
U U U U 








n n n n 
u u u U 


« 






n n n n 
u u u u 


% 


Constant Definitions: 


n n n n 
u u u u 


* 






n n n n 
u u u u 




OKI CP 

L UN b I 


Lr CW 


u u u u 






CUUN 1 


u, u u u 






b 1 ALKr 


n n n n 
u u u u 






L J. b 


n n n n 

U U u u 






^ i l_i r O 


n n n n 
u u u u 






BUFFB 


n n n n 
u u u u 






INDEX 


n n n n 
u u u u 








n n D n 

u u u u 








U U tj u 






SCAN 


0000 






HEX 


0000 








0000 






HEXLOW 


0000 






CNTCTL 


0000 






CNTRl 


0000 






CNTR2 


0000 


% 






0000 


% 


Set baud rate 


constants 


0000 


% 


13 = 


9600 Bua 


0000 


% 


26 = 


4 8 " 


0000 


% 


52 = 


2 4 " 


0000 


% 


104 = 


1200 " 


0000 


% 


417 = 


300 " 


0000 


% 


1136 = 


110 " 


0000 


% 






0000 






BAUDl 


0000 






BAUD2 


Q0O.P 
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LBPSAV, % Breakpoint save area 

LSAVPS, % Prgm status save area 

LINEBUFF; % 128 character I/O 

I buf f er . . .word aligned 

. _'fi • 

#4000, :• . • % Few for interupt or trap 

R3, % Counter register 

R15, % Stack Pointer 

#0FE9, % Console control port 

#OFED, % P5 download port 

RLl, % Used to buffer byte I/O 

R9, % Memory pointer used to 

% process I/O lines or ~ 

% data strings 
R4, • ;• . % Secondary memory pointer 

R7, % Used to pass data to/from 

% HEX/ASGII conversion routines 
RL7, . % Low byte of HEX register (R7) 

#0FE7, % 8253 Cntr/tmr mode port addr 

ltOFE5, % 8253 Timer 1 port address 

#0FE6, % 8253 Timer 2 port address 



follows : 



13, 
13; 



% 
% 



Baud 
Baud 



rate constant #1 
rate constant #2 
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0000 


%%%%%%% 


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


0000 


% 


The following macros are used in this module as well as being 


0000 


% 


available to any module or routine. In order to make the macros 


0000 


% 


'callable' they exist as seperate source file* a«i are called via 


0000 


% 


INCLUDE statements . .• The macro files are: 


0000 


% 




0000 


% 


FILL.ZSC Source file for the FILL macro ' 


0000 


% 


OGT.ZSC Source file for the ONGOTO macro 


0000 


% 




0000 


% 


Source code for the macros follows... I 


0000 


« 




0000 


% % t %% l%%i«%9%%%t%%'t%%%«%M«%%%% % %%%%%%%%%% %%f %%i %t % % % % % %%%«%%%%« % % % i 


0000 


% 


PJLL MACRO 


0000 


% 




0000 


% 


This, is a MACRO to store a WORD in memory using an index 


0000 


% 


register (IR) as a pointer to memory. In operation the 


0000 


.* 


index register (IR) is incremented by 2 and the counter 


0000 


% 


register (RC) is decremented by 1 and it will auto repeat 


0000 


% 


until the counter register = 0. 


0000 


% 




0000 




MACRO FILL IR,SRC,RC; Jt» 


0000 


% 




0000 






0000 


1 


*■■>-',-■ I 


0000 




; BEGIN -• r:si=t) coL'Aeirtq lO v 


0000 




LP : := NIL; .u 


0000 


% 




0000 




LP: LD IR',SRC; 


0000 




INC IR,2; 


0000 




V DJNZ ■ - ■ RC j LPs , „■>. i- g i , ; t r ■ ^ '■.,,,„}.. ^ ■ ^ - i - 


0000 




END; 


0000 






0000 




EJECT; 



!- 
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9/05/80 




Page 6 


MAC? M^PXPf n r =R 


:M3EXEC.PRN W 


DM? 






nwi.^ixiL'no CjAEiv^uj.xv£i 


MODULE 











%%%%%%%%%%%%%%%%%%%%%%%% 


%%%%%% 


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 





a. 




ONGOTO 


MACRO 





n 
% 








n fi n n 

u u u u 


0. 

% 


This is a MACRO 


to aid 


in decoding a command line. 


n n n n 

u u u u 


% 


It is intended to allow decode of a single letter 


nnnn 

u u u u 


% 


command after the command has been converted to a 


nnnn 
u u u u 


s 


number . 






nnnn 

u u u u 










nnnn 
u u u u 


% 


The conversion may be 


done with a CPDRB instruction 


u u u u 


% 


and a command table by 


scanning ,f.or a match and using 


nnnn 
u u u u 


% 


the relative position 


of the command in the table. 


u u u u 


% 








nnnn 

u u u u 


* 


The ONGOTO MACRO 


is passed a register containing the 


nnnn 
u u u u 




number or position and 


a list of labels in the same 


0000 




order as the table. .The result is a 'POOR MAN'S CASE 


nnnn 

U VJ u u 


%; 


STATEMENT' . . 






0000 


% 








nnnn 

u u u u 


%= 


The call for the 


MACRO .has the- f orm : 


nnnn 

u u w u 


St 

w ■ 








0000 


% 


ONGOTO 


REG, (LAB1,LAB2, . . .LABN) ; 


0000 


% 








0000 




MACRO 


ONGOTO 


X,LABLIST; 





% 








0000 






VAR 


V, 


0000 


* 






Z: OBJECT; 


0000 




BEGIN 




0000 






Z : : 


= 1; 


0000 






FOR 


y IN LABLIST DO 


0000 








BEGIN 


0000 








IF X EQ Z ■ • - . 


0000 








THEN JP Y; 


0000 








Z : := Z + 1 


0000 








END 


0000 






END? 




0000 
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0000 












SEGMENT 'NPSA'; 








0000 






%%%%%%%%%%%%%%%%%%%%%% 


%%%%%%%%%%%%%%%%% 


%%%%%%%% 


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


0000 






% 


This 


segment is the actual New 


Program 


status Area and MUST be 


0000 






% 


placed at a Modulo 256 location 


at link 


time. If generating a 


0000 






% 


.BIN 


file for 


testing, place it 


at #4400 




If generating a HEX 


0000 






% 


file 


for PROMS 


piace it at til® 




r 




0000 






% 














0000 






% 














0000 


0000 


0000 


tNPSA: 




LONG : 


0; 




% 


Clear unused words 


0004 






« 














0004 


4000 








WORD: 


IFCW; 




% 




0006 


*0144 








WORD: 


'LOPCODE ; 




% 


Set up Opcode Trap 


0008 






% 














0008 


4000 








WORD: 


IFCW;,.. 




1 


Set up Privileged 


OOOA 


*oi5e 








WORD : 


"LPRIf* . r?!VCK 




• 




OOOC 






% 














OOOC 


4000 








WORD: 


IFCW; fl'V 




i 


-t ij > r ; 


OOOE 


*0174 








W9RD: 


"LSYSCALL; 




i 


Set up System Call Trap 


0010 






% 














0010 


0000 


0000 






LONG: 


0; 




% 


Cl#tE mem'mi^ wor4s 


0014 






% 














0014 


4000 








WORD: 


IFCW; 




% 


Set up Break Switch 


0016 


*01D4 








WORD: 


"LBREAK; — 




% 


Interrupt (NMI) 


0018 






% 














0018 










FOR 


4 DO 








0018 


0000 


0006 0000 








WORD: 0; 




% 


Q I e a r r em a i ni #» t *f M PS A 


OOIE 


0000 


















0020 






% 














0020 












EJECT; 









b«i3e B 
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0020 










SEGMENT 'CODE'; 






0000 








%%%%%%%%%%%%%%%%%%%%%%% 


%%%%%%%%%%%%%%%%%%%%% 


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


0000 








% *** This is the 


Main Entry Point of 


the monitor program *** 


0000 








% 








0000 


2160 






LSTART: LD 


RO, #8000+30*512; 


% 


30us Refresh rate 


0004 


7D0B 




LDCTL 


REFRESH, RO; 


% 


Load counter 


0006 


2100*0000 




LD 


RO ("LNPSA; 


% 




OOOA 


7D0D 






LDCTL 


PSAPOFF,R0; 


% 


Set up the NPSAP 


oooc 








% 








oooc 








% This routine initializes the system 


stack 




oooc 








% 








oooc 


2109 


*0000 




LD 


INDEX, "LSTACK; 


% 


Set index reg to stack area 


0010 


2103 


0080 




LD 


COUNT, 128; 


% 


Load length in count reg 


0014 


0D95 


0000 


A991 


FILL 


INDEX, 0, COUNT; 


% 


Init Stack and Save areas 


OOIA 


F384 














OOlC 


210P*0038 




LD 


STACKP, 'LSTACK + 56; 


1 


Initialize Stack Pointer 


0020 


4D05 


*0000 


4000 


LD 


LSAVPS,IFCW; 


% 


Load default FCW 


0026 


2100*0000 




LD 


RO , "LSTART; 


% 




002A 


6FOO*0002 




LD 


LSAVPS (2) ,R0; 


% 


Load default PC 


002E 








% 








002E 








% Set Timers for 


baud rates at P6 and 


P5 serial ports 


002E 








■ 








002E 


C876 






LDB 


RLO , #76; 


% 


Counter 1 mode 3 (P6) 


0030 


3A86 


0PE7 




OUTB 


CNTCTL,RLO; 


% 


Send mode command 


0034 


C8B6 






■ , LDB 


RL0,#B6; 


% 


Counter 2 mode 3 (P5) 


0036 


3A86 


0FE7 




OUTB 


CNTCTL,RLO; 


% 


Send mode command ., 


003A 


2100 


OOOD 




LD 


R0,BAUD1; 


1 


P6 baud rate i. 


003E 


3A86 


OPES 




OUTB 


CNTR1,RL0; 


% 


Send LS byte of rate 


0042 


3A06 


0FE5 




. OUTB 


CNTR1,RH0; 


% 


Send MS byte of rfte 


0046 


2100 


OOOD 




LD 


R0,BAUD2; 


% 


P5 baud rate 


004A 


3A06 


0FE6 




OUTB 


CNTR2 , RHO ; 


% 


Send LS byte of rate 


004E 


3A86 


0FE6 




OUTB 


CNTR2,RL0; 


% 


Send MS byte of rate 


0052 


"I 






EJECT; 

• ■ ' ' 
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0052 






» 










0052 






% 


This routine initializes the 


9551 serial ports at P5 and P6 


0052 






% 










0052 






% 


The delay loop 


is for timing 


problems encountered when 


0052 




* ' ' * . 








-. ■ ■ ■■ .....■! 


0052 
















0052 


2100 


FFFF 


* 


•rrcnfjii- LD 


RO, #FFFF; 


, % 




0056 


F081 




MJELAY; 


DJNZ 


RO , LDELAY; 


% 




0058 






% 










0058 


C900 






LDB 


BUFFB , ; 


% 




005A 


3A96 


0FE9 




OUTB 


CTLP6 , BUFFB; 


% 




005E 


3A96 


OFED 




OUTB 


CTLP5, BUFFB; 


% 




0062 






t 










006 2 


3A96 


0FE9 




OUTB 


CTLP6, BUFFB; 


a 




0066 


3A96 


OFED 




'OUTB 


CTLP5, BUFFS; 


% 




006A 






% 










006A 


3A96 


0FE9 




OUTB 


CTLP6, BUFFB; 


% 




006E 








" ■ OUTB 


CTLP5, BUFFB; 


% 




0072 






t 










0072 


C940 






LDB 


BUFFB, #40; 


% 




0074 


3A96 


0FE9 




OUTB 


CTLP6, BUFFB; 
'drbPS, BUFFB; 


% 


Output reset command 


0078 


3A96 


OFED 








007C 






t 










007C 


C9CE 






LDB 


BUFFB, #CE; 




Set modes 


007E 


3A96 


0FE9 




OUTB 


CTLP6, BUFFB; 




P6= -ASYNC, 16X,N0 PARITY 
P5= ASYNC ,165c, ODD PARITY 


0082 


C9DE 






LDB 


BUFFB, #DB; 




0084 


3A96 


OFED 




OUTB 


CTUP5, BUFFB; 


" "• ■■ % 




0088 


C927 






LDB 


BUFFB, #27; 


% 




008A 


3A96 


0FE9 


?" 


c OUTB 


CTLP6, BUFFB; 


" ■ ■ % 


Output control commands 


008E 


3A96 


OFED 


*• 


OUTB 


CTLP5, BUFFB; 


% 


RTS= ACTIVE, RxE= ENABLED 


0092 












% 


DTR= ACTIVE, TxE= ENABLED 


0092 






% 










0092 








EJECT; 

V 










. ' 




■ J S'O 






Wit TO 





i 




! 
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MACZ 


M3EXEC L=B 


:M3EXEC.PRN W 


D M P 


MONITORS EXECUTIVE 


MODULE 




n n Q 
u u y z 




% 




n HQ 
u u y Z 




% 


This routine outputs the initialization fiies'sa'^e' ' - ■^"''^<- 






% 




V U ^ Z 


ziuyuuuu 




LD INDEX, "LINITMSG; % Set index to message 


U U J D 


or uu uuuu 




CALL LPUTLINE; % Output message 


09 A 






JP LHELP; • — •' % Go to Help routine to 


n n Q F 

U U y Cj 






% output instructions 


n f) Q F 
u u cj 




% 




n n Q F 

U U Ej 




%%%%%%%%%%%%%%%%%%«%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


n n Q p 
u u y c* 




% 


This is the Console Command Procrssor ratitifie (CCP) ■ • ' ■ 


n nop 

\J U !7 lli 




% 




u u yiu 








n n Q(P 

U U "Ej 




% 


Montior3 program. ■ 


n r> Q t? 
u u y Ij 




% 




009E 




% 


CCP controls prompting the user, input and decoding of monitor 


009E 




% 


commands and calls the routines that execute the monitor commands 


009E 




% 




009E 




•% 




009E 




% 


Routine to output monitor prompt 


009E 




% 


009E 


2109*0000 


LCCP: 


Us ■iMBEm/'^LPROMPT; % Set index to prompt 


0frA2 


5F00*0000 




CALL LPUTLINE; % Output prompt 


0&A6 








00A6 




« 


Routine to input AioW^'eir eommand 


00A6 




■% 


00A6 


2109*0000 


LMONIN: 


LD INDEX, "LINEBUFF; % Set index to buffer 


OOAA 


0C95 4F4P 




LOB INDEX", 79; % Set input length 


OOAE 


5F00*0000 




CALL LGETLINE; % Input command 


00B2 


5E04*009E 




JP OV,LCCP; % Retry if ESC was input 


00B6 




% 




00B6 






EJECT; 
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00B6 








%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


00B6 








% 


Routine 


to process monitor command 


n n R 

U U D O 








% 






U U D 








■s 


Routine uses RO 


to decode command, RLl (BUFFB) to hold command 


n fi R 

U U o D 




■ - > 




% 


1 character being 


decoded, R4 (SCAN) to scan command table and 


n n R 

U U D 








% 


R9 (INDEX) and 


R3 (COUNT) to step through command string. 


n n R 

U U l3 O 










The CPDRB instruction generates the position of the command 


n n R 

U U D O 










being decoded in the command table. Then thjSfe ^®^if^Q(r^4,%(*JSed 


U U D D 








m 


by the ONGOTO macro to pick a destination. 












?n (\ 1- - - r M • 




n n D c 
U U D D 


OT\riQ 

oUUo 








CLB 


RO; % Clear regis-tec 


ri r\OQ 
U Ub o 


i U 4 


* A A n n 




LD 


SCAN,"LCMDTBL; % Set R4 to command table 


ODBC 


2048 








LDB 


RL0,SCAN'; % Load cmd table length 


OOBE 


8104 








ADD 


SCAN,RO; % Set R4 to end of cmd table 


OOCO 


A900 








INC 


R0,1; % Adjust RO to make 


A A O 
(J UL Z 












. % RO=position after scanning 


A A O 

U DC ^ 








%.?:'< .. . 


'■ .t , ' • . ■ ' 




A A O 

U UL 2 


A990 








INC 


INDEX, 1; % Step R9 past length byte 


DC 4 


2099 








LDB 


BUFFB , INDEX" ; % Load command character 


00C6 


BA4C 


0096 






CPDRB 


BUFFB, SCAN", RO,EQ; % Decode command 


COCA 








.is. 






COCA 








ONGOTO 


RLO , ( LALTER , LREG , LFLAG , LGO > LfC , LiSP* LBPSET , LiSLF* 


OOCA 


0A08 


0101 


EE02 






LMElLL,LDUMP,LOAD) ; - 


OODO 


5E08 


*0000 


0A08 








00D6 


0202 


EE02 


5E08 








OODC 


*0000 


0A08 


0303 








00E2 


EE02 


5E08* 


0000 








00E8 


0A08 


0404 


EE02 








OOEE 


5E08 


*0000 


0A08 








00F4 


0505 


EE02 


5E08 








OOFA 


*0000 


0A08 


0606 








0100 


EE02 


5E08*0000 








0106 


0A08 


0707 


EE02 








OlOC 


5E08 


*0000 


0A08 










EB02 











1 
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0118 


*0000 0A08 


0909 






OllE 


EE02 5E08* 


0000 






0124 


0A08 OAOA 


EE02 






012A 


5E08*0000 


0A08 






0130 


OB OB EE02 


5E08 






0136 


*0000 








0138 






% 




0138 






% 


Illegal command error handler 


0138 






% 




0138 


2109*0000 




LWHAT : 


LD INDEX, "LWHATMSG; ' % Set R9 to '?' prompt 


013C 


5F00*0000 






GALL LPUTLINE; % Output prompt 


0140 


5E08*00A6 






JP LMONIN; % Return to monitor 


0144 






% 




0144 






%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


0144 






% 


Opcode Trap service routine 


0144 






% 




0144 






% 


The following routines handle the interrupts and traps. 


0144 






% 




0144 






% 


All routines output a message and save the current user 


0144 






% 


status from the stack and the user regisfeeps the ;C;©gASt.er 


0144 






% 


save area. 


0144 






% 




0144 






% 


The System Call routine outputs the identifier from the SG c; 


0144 






% 


instruction as part of the exit message. 


0144 






% 




0144 


5C09 OOOE* 


0000 


LOPCODE 


: LDM LSVAREAjRO, 15; % Save user regs 0-14 


014A 


7D07 






LDCTL ROjNSPOFF; ' K , % Svae user R15 and 


014C 


6F00*001E 






LD LSVAREA(30) ,R0; % Store in save area 


0150 


2109*0000 






LD INDEX, "LOPMSG; % Output error message 


0154 


5F00*0000 






CALL LPU,TLINE;. ^. , , . ^ 


0158 


5E08*01EC 






JP LRESTORE; % Return to monitor 


015C 






% 




Q15C 


' (.it J 
. (3 






EJECT; 
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015C 






%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


015C 






% 


Privileged Instruction Trap service routine 


015C 






% 




015C 


5C09 


000E*0000 


LPRIV: 


LDM LSVAREA, RO , 15; % Save user regs 0-14., 


0162 


7D07 






LDCTL R0,NSPOFF; % Save user R15 


0164 


6FO0 


*0.OiE 






0168 






% 


0168 


2109 


*0000 




LD INDEX, "LPBMSG; % Output error message 


016C 


5F00 


*0000 




CALL LPUTLINE; % 


0170 






% 




0170 


5E08 


*01EC 




JP LRESTORE; % Return to monitor 


0174 






% 




0174 






%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


0174 






% 


This is the System Call handler routine 


0174 






% 




0174 






% 


System Calls are treated as Breakpoints, Program Exits or I/O 


0174 






% 


Requests. An identifier of '00' is a Software Breakpoint, '01' 


0174 








transfers to the console output handler and '02' transfers to 


0174 






I 


e'ohsole output. . - . 


0174 






% 


0174 






% 


All other ID'S are treated as program exits and the identifier 


0174 






% 


is output as part of the exij: message. 


0174 






% 




0174 


5C09 


0OOE*OOOO 


LSYSCALL 


: LDM LSVAREA,R0, 15; % Save user regs Q-X4 


017A 


7D07 






LDCTL R0,NSPOFF; % Save user R15 


017C 


6F00 


*001E 




. LD LSVAREA (30) ,R0; , % 

LD ■ HEX,STACKP"; % Load identifier 


0180 


21F7 






0182 






% 




0182 






% 


This routine checks for a valid Breakpoint on a System Call '0' 


0182 






% 




0182 








IF HEXLOW EQ 


0182 


84FF 


EEOA 




THEN BEGIN 


0186 


31F0 


0004 




LD RO,STACKP" (4) ; % Pick up PC from stack 


018A 


6107 


*0002 




LD HEX,LBPSAV(2) ; % Get saved address 


0;V8E 








'dS92\fO 'Wfe-WWl tftH-fi '* '^■©'"'P'Sf e address to PC 


□ 
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0190 IF RO EQ 2 % If addr compares transfer 

0190 OBOO 0002 EE02 THEN JP LBRKP % to Breakpoint routine 

0196 5E08*0000 END; 
019A % 

019A _ % This routine handles a requ^s^t for console output (SC 1) 

019A " % 

019A .IF HEXLOW EQ 1 , , 

019A OAOF 0101 EE03 THEN BEGIN 

01 AO 5F00*0000 CALL LPUTLINE; % Output to CRT then return 

01A4 IRET % . to user program 

01A4 7800 ' " END; . , . 

01A6 % 

01A6 % This routine handles a request for console input (SC 2) 

01A6 i 

01A6 IF HEXLOW EQ 2 

01A6 OAOF 0202 EE03 THEN BEGIN 

OlAC 5F00*0000 CALL LGETLINE; % Input from CRT then return 

OIBO . IRET , ., I J, to- user, pragtrain, , . . 

OIBO 7B00 " ■ END; 

01B2 % 

01B2 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
01B2 % Program Exit routine... 

0182 % 



0182 


5F00*0000 


CALL 


LHEXVERT; 


% 


Convert identifier 


01B6 


4D05*000Q 0002 


LD 


LINEBUFF,#0002; 


% 


Store length char 


OIBC 


6F07*6602 


LD 


LINEBUFF (2) ,HEX; 


% 


Store ident in buffer 


OICO 


2109*0000 


LD 


INDEX, "LEXITMSG; 


% 


Set R9 to exit message 


01C4 


5F00*00b0 


CALL 


LPUTLINE; 


% 


Output message 


01C8 


2109*0001 


LD 


INDEX, "LINEBUFF+l; 


% 


Set R9 to output 


OICC 


5F00*0000 


CALL 


LPUTLINE; 


% 


Output identifier 


OlDO 


5E08*01EC 


JP 


LRESTOftE; 


% 


Return to monitoi" 


01D4 


% 










01D4 




EJECT; 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


1D4 






% Break Switch 


service routine iNMi) 


n 1 n4 






% 




1D4 




nnnp*nnnn 

U U U u U U-U U 


LBREAK: LDM 


LSVAREA,R0,15; % Save user regs 0-14 


OlDA 


7D07 




LDCTL R0,NSPOFF; % Save user R15 


U 1 UK^ 


c I? n A 
or UU 


* n n 1 t? 

U U 1 Hi 


LD 


LSVAREA(30) ,R0; % 


OlEO 


2109 


*0000 


LD 


INDEX, "LBRKMSG; % Output break message 


01E4 


5F00 


*0000 


CALL 


LPUTLINE; % 


01E8 


5E08 


*01EC 


JP 


LRESTOREi % Return to monitor 


OlEC 






% 




OlEC 






%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


OlEC 






% This common 


routine saves the user program status from the 


OlEC 






% system stack 


into the program status save area for all the 


OlEC 






% service routines. The routine also cleans up the stack pointer 


OlEC 






% to prevent stack overflow from int«rf«ffet @f fcrspB. 


OlEC 






: % 




OlEC 


35F0 


0002 ' ,,: 


,, LRESTORE: LDL 


RRO , STACKP* (2) ; % Pick up program ststus 


OlFO 


5D00 


*0000 


LDL 


LSAVPSjRRO; % and save it 


01F4 


A9F5 




INC 


STACKP,6; % Restore stack pointer 


01F6 
OlFA 


5E08 


*009E 


^ OODS "^^ 


LOOP; % Exit to monitor CCP 


OlFA 






iHD, 
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ASSIGNED 


LABELS : 






LALTER 


0000 


EXTERNAL 




LBPSAV 


0000 


EXTERNAL 




LBPSET 


0000 


EXTERNAL 




LBREAK 


01D4 


LOCAL 


CODE 


LBRKMSG 


0000 


EXTERNAL 




LBRKP 


0000 


EXTERNAL 




LCCP 


009E 


GLOBAL 


CODE 


LCMDTBL 


0000 


EXTERNAL 




LDELAY 


0056 


LOCAL 


CODE 


LDUMP 


0000 


EXTERNAL 




LEXITMSG 


0000 


EXTERNAL 




LFLAG 


0000 


EXTERNAL 




LGETLINE 


0000 


EXTERNAL 




LGO 


0000 


EXTERNAL 




LHELP 


0000 


EXTERNAL 




LHEXVERT 


0000 


EXTERNAL 




LINEBUFF 


0000 


EXTERNAL 




LINITMSG 


0000 


EXTERNAL 




LMFILL 


0000 


EXTERNAL 




LMONIN 


00A6 


LOCAL 


CODE 


LNPSA 


oooo 


LOCAL 


NPSA 


LOAD 


0000 


EXTERNAL 




LOPCODE 


0144 


LOCAL 


CODE 


LOPMSG 


0000 


EXTERNAL 




LPC 


0000 


EXTERNAL 




LPRIV 


015C 


LOCAL 


CODE 


LPRMSG 


0000 


EXTERNAL 




LPROMPT 


0000 


EXTERNAL 




LPUTLINE 


0000 


EXTERNAL 




LREG 


0000 


EXTERNAL 




LRESTORE 


01 EC 


LOCAL 


CODE 
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LSAVPS 


0000 


EXTERNAL 




LSSP 


0000 


EXTERNAL 




LSTACK 


0000 


EXTERNAL 




LSTART 


0000 


GLOBAL 


CODE 


LSVAREA 


0000 


EXTERNAL 




LSYSCALL 


0174 


LOCAL 


CODE 


LWHAT 


0138 


GLOBAL 


CODE 


LWHATMSG 


0000 


EXTERNAL 





71 

(0 
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APPENDIX G 
ASCII CHARACTER SET 



PCX 


Dgc 




Hex 


Pec 




Hex 


Dec 


Char 


Hex 


Dec 


Cnar 


An 


U 


MTTT 
MULi 


OA 


oo 
JZ 


or 


/ A 

40 


64 


@ 


60 


96 




ni 
UI 


1 


O/MJ 

bUH 


z 1 


o o 


1 


41 


65 


A 


61 


97 


a 




o 
Z 




zz 




II 


/. o 
4Z 


DO 


B 


c. o 
62 


n o 
98 


b 


UJ 


J 


£71 A 


Z J 


^ 


A 


43 


7 


C 


63 


99 


c 


(\A 


A 
H 


CUl 


OA 


JO 


9 




OO 


D 


64 


100 


d 


IJJ 


c 
J 


any 


0^ 
Z3 


.J'* 


w 

A 


43 


oy 


K \ 


03 


101 


e 


UO 


£ 

D 


AOK 


ZD 




« 
ft 


I.e. 
40 


^ A 

70 


F 


66 


102 


f 


07 




BEL 


o^ 


39 


<F 


47 


71 


G 


67 


103 


g 


OB 


Q 

o 


BS 


oo 


AO 


( 


48 


72 


H 


68 


104 


h 


AO 




HT 


on 
z9 




) 


49 


73 


I 


69 


105 


i 


OA 


1 A 
10 


LF 


O A 

ZA 


/. o 




4A 


74 


J 


6A 


106 


j 


OB 


1 1 


VT 


2B 


43 


+ 


4B 


75 


K 


6B 


107 


k 


OC 


12 


FF 


2C 


44 




40 


76 


L 


60 


108 


1 


OD 


13 


CR 


2D 


45 




4D 


77 


M 


6D 


109 


m 


OE 


14 


SO 


2E 


46 




4E 


78 


N 


6E 


110 


n 


OF 


15 


SI 


2F 


47 


1 


4F 


79 





6F 


111 


o 


10 


16 


DLE 


30 


'4§ 


# 


50 


80 


P 


70 


112 


P 


11 


17 


DCl 


31 


49 


i 


51 


81 


Q 


71 


113 


q 


12 


18 


DC2 


32 


50 


2 


52 


82 


R 


72 


114 


r 


1 3 


19 


DCS 


33 


51 


3 


53 


83 


S 


73 


115 


s 


lA 


20 


DC4 


34 


52 


4 


54 


84 


T 


74 


116 


t 


15 


21 


NAK 


35 


53 


5 


55 


85 


U 


75 


117 


u 


16 


22 


SYN 


36 


54 


6 


56 


86 


V 


76 


118 


V 


17 


23 


ETB 


37 


55 


7 


57 


87 


w 


77 


119 


w 


18 


24 


CAN 


38 


56 


8 


58 


88 


X 


78 


120 


X 


19 


25 


EM 


39 


57 


9 


59 


89 


Y 


79 


121 


y 


lA 


26 


SUB 


3A 


5? 




5A 


90 


Z 


7A 


122 


z 


IB 


27 


ESC 


3B 




» 


5B 


91 


[ 


7B 


123 


{ 


IC 


28 


FS 


3G 


m 


< 


5C 


92 


\ 


7C 


124 


1 


ID 


29 


6S 


3D 


61 




5D 


93 


] 


7D 


125 


) 


IE 


30 


RS 


3E 


62 


> 


5E 


94 




7E 


126 




IF 


31 


US 


3F 


63 


? 


5F 


95 




7F 


127 


DEL 



■ I 



'■if 



2n 


n 


256 


8 


512 


9 


1 024 


10 


2 048 


11 


4 096 


12 


8 192 


13 


16 384 


14 


32 768 


15 


65 536 


16 


131 072 


17 


262 144 


18 


524 288 


19 


1 048 576 


20 


2 097 152 


21 


4 194 304 


22 


8 388 608 


23 


16 777 216 


24 




r,2 



APPENDIX H 

Powsrs of 2 and 16 

20 = 160 

24 = 161 

28 = 162 

212 = 163 

216 = 164 

220 = 165 

224 = 166 

228 = 167 

232 = 168 

236 = 169 

240 lelo 

24» = 1611 

248 = 1612 

252 = 1613 

256 = 1614 

280 =. 1615 



It" n 

1 

16 1 

256 2 

4 096 3 

6SS36 4 

1 048 576 5 

16 777 216 6 

268 435 456 7 

4 294 967 296 8 

68 719 476 736 9 

1 099 511 627 776 10 

17 592 186 044 416 11 

281 474 976 710 656 12 

4 503 599 627 370 496 13 

72 057 594 037 927 936 14 

^ tS2 921 504 606 846 976 IS 

Of 16 



H-1 



t-' '•r.'i i v.- ,■ \ f, 



APPENDIX I 

Hiieilteelmal and Decimal Integar 
Conversion Table 





8 




7 




S 




5 




4 




3 




2 




1 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


















































1 


268,435,456 


1 


16.777,216 


1 


1.048.576 


1 


65,536 


1 


4,096 


1 


256 


1 


16 


1 


1 


2 


536,870.912 


2 


33,554,432 


2 


2.0Sf7.1S? 


2 


131,072 


2 


8,192 


2 


512 


2 


32 


2 


2 


3 


805,306,368 


3 


50,331,648 


3 


3,145,728 


3 


1 96,608 


3 


12,288 


3 


768 


3 


48 


3 


3 


4 


1,073,741,824 


4 


67,108,864 


4 


4,194.304 


4 


262,144 


4 


16,384 


4 


1.024 


4 


64 


4 


4 


S 


1,342,177,280 


5 


83,886,080 


5 


S.242,8(@ 


5 


327,680 


5 


20.480 


5 


1,280 


5 


80 


5 


5 


6 


1,610,612,736 


6 


100,663,296 


6 


6,291,456 


6 


393,216 


6 


24.576 


6 


1,536 


6 


96 


6 


6 


7 


1.879,048.192 


7 


117,440,512 


7 


7,340,032 


7 


458,752 


7 


28.672 


7 


1,792 


7 


112 


7 


7 


8 


2,147,483,648 


8 


134,217,728 


8 


8,388,608 


8 


524,288 


8 


32,768 


8 


2,048 


8 


128 


8 


8 


g 


2.415,919,104 


9 


150,994,944 


9 


9,437,184 


9 


589,824 


9 


36,864 


9 


2,304 


9 


144 


9 


9 


A 


2,684.354,560 


A 


167,772,160 


A 


10,485,760 


A 


655,360 


A 


40,960 


A 


2,560 


A 


160 


A 


10 


B 


2,952.790,016 


B 


184,549,376 


B 


11,534.^ 


B 


720,896 


B 


45,056 


B 


2,816 


B 


176 


B 


11 


C 


3.221.225.472 


C 


201,326,592 


C 


12.582.912 


C 


786,432 


C 


49,152 


C 


3,072 


C 


192 


C 


12 


D 


3,489,660,928 


D 


218,103,808 


D 


13.631 ,4% 


D 


851,968 


D 


53,248 


D 


3,328 


D 


208 


D 


13 


E 


3,758,096,384 


E 


234,881,024 


E 


14^i064 


E 


917,504 


E 


57,344 


E 


3,584 


E 


224 


E 


14 


F 


4.026.531.840 


F 


251,658.240 


F 




F 




" F 


61,440 


F 


3,840 


F 


240 


F 


15 




9 




7 




S 




s 




4 




3 




2 




1 



To (Soiwerf Hexadecimal to Decimal 

1 . Locate the column of decimal numbers corresponding to the 
left-most digit or letter of the hexadecimal: select from this 
column and record the number that corresponds to the posi- 
tion of the hexadecimal digit or letter. 

2. Repeat step 1 for the units (second from the left) po»fion. 

3. Repeat step 1 for the units (third from the left) position. 

4. Add the numbers selected from the table to form the decimal 

number. 

To convert integer numbers greater than the capacity of the table, 
use the techniques below: 

Hexadecimal to Decimal 

Successive cumulative multiplication from left to right, adding 
units position. 

Example: D34i6 = 3380io 
D = 



13 


Conversion of 


X 16 


Hexadecimal Value 


208 


D34 


+ 3 


1. D 3328 


211 


2. 3 48 


X 16 


3. 4 4 


3376 


4. Decimal 3380 


+ 4 




3380 





To Convert Decimal to Hexadecimal 

1 . (a) Select from the table the highest decimal number that is 

equal to or less than the number to be converted. 

(b) Record the hexadecimal of the column containing the 
selected number. 

(c) Subtract the selected decimal from the number to be 
converted. 

2. Using the remainder from step 1 (c) repeat all of step 1 to 
develop the second position of the hexadecimal (and a re- 
mainder). 

3. Using the remainder from step 2 repeat all of step 1 to develop 
the units position of the hexadecimal. 

4. Combine terms to form the hexadecimal numt>er. 

Decimal to Hexadecimal 

Divide and collect the remainder in reverse order. 
Example: 3380io = D34i6 Example: 

16 I 3380 remainder 
16 1 211 ^ 4 
16 1 13 ^ 3 
^D 



Conversion of 
Decimal Value 



1. D 



2. 3 



3. 4 



3380 

-3328 
52 
-48 
4 
-4 



4. l-lexadecimal 



D34 



1-1 



1' 



' X 01-1 U\ 
-y' i'.' ?-9'«"( : 



I 



